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ubber MAUCrSCSe ae. Y 2rrow & Co., Ltd., les Limited, Y arrow Patent 
SHIPBUILDERS AND ENGINEERS, ~ INEERS, IRLAM, MANCHESTER. 
GLASGOW. FRED WATER HBATERS, r-Tube Boilers 
aes SPEEDS UP TO 45 MILBS AN HOUR. CALORIFIERS, EVAPORATORS, } _2Ow's 
Hose 2o°r.. PADDLE OR SCREW STRAMERS OF *? Paruwrs, 8700 
PR spetan wt te ON eg ey ee 
epairs. on aciiic oast . ot Yarrow Bollers, such as the Steam 
ee PERCHA & BUSEGR, LIMITED, 2 YARROWS, LIMITED, Vietoris, British | SYPHONIA STRAM THAPS REDUCING VALVES | Pockets, and Superheaters for British and 
Canada. 8510 Colum’ 87 High-class GUNMETAL STEAM FITTINGS. Firms not ow 2 00” necessary facilities, 
SHIPBUILDERS, SHIP oo AND ENGINEERS. ATER SOFTENING and FILTBRING. 6723 | YARROW & Lrp., Scorsroux, GLaseow. 
7y ( i Manor L4 (‘ampbells & He: L4 [tubes and Fittiz x ohn ellamy imited, 
IRON AND 
COLVRE STRERT WORKS, COLOHRSTER. ~ spmoranters ox Gtewarts and T loyd’s, Li 1 
iN . . . 
ENGINES for Torpedo Bots, Yachts, Launches, | Drillers & Boring Machinery| __, s1,0SWALD st. abasoow. | Boilets Tanks Mooring Buoys 
BOILER FEED PUMPS. for Engine Works and Boiler Shops. and LONDON OFFICE— o , A, } 


See Advertisement, pages 33 and 94, last week. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
And Auxiliary Machinery as su: ed to the 
Admiralty. om 2179 


J RS: W itson & Co.,Ltd. 


Birkenhead. 


See Illustrated Advertisement 
Page 10, July 16. 


Loocomstive Shunting Cacia 


Steam and Etectric 


Cranes, 


EXCAVATORS, CRANE-NAVVIES, GRABS, 
OONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 
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Lists oy STanparp Sizes oN APPLICATION. 





London Office : 
15, VICTORIA STREET, S.W. 1. 


(\raig & Donald Ltd., Machine 


TOOL MAKERS, Jounsrorg, near Glasgow. 
For class of Machine Tools see our Illustrated 
Adv ertisement every alternate week. 1358 


CHANTIERS & ATELIERS 
A ugustin - ormand 


67, rue de red HAVRE 








Destroyers, Torpedo Boats, Yachts and Fast PR ng 
e and Submersible Boats 
N a rs Patent een Boilers, Coal or Oil 
Diesel Oil Engines. 
ectric 


“Bleewic,. Lifts 


8. H. HEYWOOD 4 & OO., LTD., 
REDDISH. 


Steam Hammers (with or 
TOOLS for 5 tor SREPHUTLD ERS f DOLLERM 


abies 
DAVIS& PRIMROSE, Lit: Limtrep, Lerrx, Ep insurGx. 


Breit Patent iter Co 
}{ammers, Presses, Furnaces, 
Bever, Dorling & Co., Lid., 
Ey iw ea 
(iranes.—Electric, Steam, 


abet publ and HAN 
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Manufacturers 


of all aL sizes. 
en0ses RUSSELL & OO-, i ' 
poe Si <I 





DOLPHIN FOUNDRY, LEEDS. 4547 


chts, Launches or Barges 


Built complete with Steam, Oil or ‘Rea 


ri 
; or Machinery 


supplied. Od 3551 
YOSPER & CO., Lrp,, Broap Streer, Porrsmours. 


C ochran MULTITUBULAR AN 


CROSS-TUBE TYPRS, 
See page 17, July 16. 


Boles. oe 
Fy lectric 2 hes ceiusae 


8. H. HEYWOOD & co., LTD., 
REDDISH. 


FOR = 
Drop Forgings 
eee 1 ENGINBERING & eouee go, 
ellington Street, Glasgow 
THE a RoLiine STOCK aND = rr 
Hz. Nelson & Co., Ltd., 
BulldersofRAILWAY gee WAGONS 
ELECTRIC CARS and every or DESCRIPTION 
oF RAILWAY axp TRAMWAY ROLLING STOCK, 
Makers of Wares and Axizs, Rattway Pian. 
Foreires, Smira Work, lron AND Brass Sse 
PRessep STEEL WORK OF ALI. KIN 
a ao Office and Chief Works : Motherwell, 
on Office : 14, Leadenhall Street, B.C. Od 3482 
Tank Locomotives 
Specification and hy iptommrnee. | equal to 


Main Line Locom 
R. & W. HAWTHORN, LESLID 4 & CO., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 8203 


i xcavators. 


FROM 50 TO 600 YARDS PER HOUR. 


D Whitaker, 


1, Union STREET, 


LBICESTER. 
“G pencer- F] opw ” Patent 
Sole Makers: 


Boilers. - 


W. H. mabey ~poese Hrrcary, Herts. 
See page 15, July 16. 8421 


The (ambridge and Peal a 


[»strument Co: a 


of Mechanical and Electrical 
Instruments of 


Works: Cambridge and 8104 
New Southgate, London, N. 11. 


GOLD MEDAL-Invawrions Exuierrion-AWARpep. 
uckham’ 8 Patent tt Suspended 
GHING MAC 
ROAD ESGINMBRING ¥ WORKS COMPANY, Lev. 
Lowpor, Cranes, Grain 


—Hydraulic Blevators, £c. 
Seo Se A Se ae grep 1917 
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WiInvcHESTER Aoyama, Broap Srreet, B.O. 

LONDON WARBHOUSB-167,Upr.Tuames St.,B.0, 

LIVERPOOL WARBHOUSE—63, PaRapise Sr. 

MANCHESTER WAREHOU anos. Deanseare. 

CARDIFF WARBHOUSE—132, B 

BIRMINGHAM WARBHOUSES— Nur STREET, 
SHEEPSCOTE STREET. 

See Advertisement page 28. 8187 


o rinished astings 
ensure production and reduce 
Ee cost by dliaitating machining operations. 

rite for — to SPARKLETTS AND GENERAL 
Mre. Co., Edmonton, London, N. 18. 7895 


CO? Fire xtincteurs 


7895 
for Public and Private Bldgs., Blectric Railways, &c. 
THe BriTisH Fire ApPLiaNogs Co., Ltd., 109, V! toria 


8t., London, S.W. Tel legrams—“ Nonacid id, London.” 


ocomotive raversers 
(BLECTRIC). 


8. H. HEYWOOD & OCO., LTD., 


REDDISH. 
| | nion 


[iransit ompany, 


FREIGHT CONTRACTORS. 
SHIPPING AGENTS. 
INSURANCE BROKBRS. 
Wakrnouse Kexpres and DistRiBpuTine AGENTS 

We solicit a trial shipment. 8689 
Chief Office: 381, ARGYLE STREET, GLASGUW 
Cables and Telegrams: ‘' Transit, Glasgow.” 


[the Glasgow Railway 


Engineering Company, 
GOVAN, GLASGOW. 
Office—1 12, Victoria a 8.W. 


MANUFACTURERS ©) 
RAILWAY CARRIAGE, WAGON & TRAMWAY 
WwH & AXLES. 
CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 8337 


Paient 
See’ 8 Hyaro-Pueumatic ABH Kjector. 
Great saving of labour, No noise. = dust. No 
dirt. Ashes dise' ed 20 ft. clear of veut Apply. 
Me J. TREWENT & PROCTOR, Lrp., Naval Archi- 
tects and Surveyors, 43, Billiter Bldgs. ne aie St., 
London, B.C. Od 4835 


iesel Driven Generators, 
400-500 Kw., D.C., 500 or 250 Volts, 220 
R.P.M., ,n excellent ond tion. | Low Sm 
Engines an cow sold se 
Also TWO Kw. Parsons TORBI Vis, 
230-250 Volts, D.C. (in series 460-500 volts), complete 
with Spare Armature and Condenser. 
Exhaust TURBINE SET, Willans-B.0.C., 200 Kw., 
440/500 Volts. em noo , Pumps, &e. 
West Wallis, Newcastle-on-Tyne. 1969 


Ro Sale.— 
MOTOR-DRIVEN 
PLANING MACHINE, 

Se ies OS. be 20% by 10 ft., four Tool Boxes, 
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Condition as new. Makers, Buckton & Co. 
Price and particulars from— 
MURRAY, McoVINNIE & OO., Lr>., 


7819 





Retry, agen, Soupines 


WELDLESS CHAINS, Lep., Contbridge. * 





Iron and Steel 


| eho and : ebvarndag 





E. J. Davis, ML Mech. E., 
D & : W. “Maclellan, Limited, | 44 

' RAILWAY CARRIAGES AND WAGONS 
Chief Offices: 129, Trongate, Guaseow. Od 8547 








HIMNEYS, RiverT 
Prpss, Hopprrs, SprcraL Wone, Repairs or 
ALL & wave 


Tue Giaseow Roitiive STrock AND run 


MoruERWELL. 
~~ ON ON ADMIRALTY “List. 
Works: Buayr —— al Harwow, 
Eva aan 
Fresh Water Distillers. 
Auxiliary Surface 


He Wrightson & (o 
See Advertisement page 48, July 10. 9408 
Kirkaldy, Ltd., 
ee ra 
Main Feed Pum 
Gteel 


LIMITED. 
ohn ohn 
London Office: 101, LEADENHALL Sr. tg 
Peed eaters. 
Combined cwroulsitng and Air Pumps, 
urface Condensers. 
THOMAS SUMMERSON & SONS, Lp. 





astings. 
&. g 











DARLINGTON. 79038 
‘fylectric [[‘ransporters. 
8. H. HEYWOOD @ 00,, L@D., 148 
REDDISH. 
"A leistaten 
Exttectively 
Deoxidises 
8291 
Tron 


Steel & 


i 


THE BRITISH ALUMINIUM OO., LeD,, 
1u8, Queen Victoria St., London, 8,0, & 


((entrifugals. 
Pot. (Cassels & VV illiamson, 


MOTHERWELL, SCOTLAND, 


—_— 





7941 
=: half-page Advertisement page 157, July 9. 


ag Hammers 
i a oo 
neg 








Mavisbank k Quay, 
G 
Tend tat Ger LR Ee experience. tel 
at Be tford, 4 16. 1794 
z; OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Registered Offices: 1084, Cannon 8t., eee SOLES: E.0. 


te end 


B. oe 5. = Po 


















































































































ENGINEERING. 


(Jury 2 3. 1920. 








[the Manchester | Steam Users’ 


For the eallon of Gees bot er Explosions and 
for the Hlemant of Sif: Application 


of Steam. 9, may it wy <>. 
ot 6. STROMBYER, M.L.0.B, 
ed 1854 by FarRparen. 


ora yruas 





[otc C.E. }. Exams. —Over 300 300 
Frases eG mee Na A few Pas oor ee pet 
Address, 1434, Offices 


rrespondence  Goeues for 
B.Se., Inst. O.B., 1 ee. 5 all ENGI. 
ear ‘KAN. abet | Courses and pease 
Su Persona’ —For full 
y toi, TREVOR W. PI PHILLIPS B. 
Assoc.M.Inst.C.H., M.R.8.1., 10, 
Chambers, $8 68, South John Street, ay ene, 


bert C.E., I. Mech. E., B.Sc., 

and all coring = acai, ©, F 
Mi Sen = sent PREPARES CANDIDAT 'BS personally 
or ence. Hundreds of suceesses, 
gg ome commence at any time.—39, Victoria 
mater, 5.W. 8622 


M.L.C.E. and A.M.I.M.E. 


r€ Tuition, ‘Aine Festal Courses in Mechanical | 
Pakninatons. 264, Oxford Road, Manchester. 





Home.) 
‘ord 
8423 














TENDERS. 





Gq. R. 


MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD. 
(PLayT any Macuorery Sxcrion.) 


Fror Sale by Public Tender. 


At THB R.A.F. STATION, GREAT YARMOUTH, 

Considerable QUANT ity of High - class 
MACHINE TOOLS and PLANT ocemes Lathes, 
Grinding Machines, ta by th Machines, f | 


Machines, ee ete. 
also TIN PLATH PLA OOD-WORKING 
PLANT aa Coppersmiths’ 


0. 

Full particulars of plant together with tender 
form and permits te view may be obtained on 
a ee aeag to the CONTROLLER, ne i os 8 

Cross Embankment Huts, London, 8.W. 1. 
"fenders to be received by TEN a.m;, August 


"Nes 


"More — For particulars of other Government 
ee islet ce tw Sale, see Surplus, 3d. at all 
talis ; by quarterly subscription of 2s. post 

_ in the Unitea 


nade 1 Miata in advance to 
¢ Director of Publicity yy of Munitions, 
Whitehall Place, London, 5.W Hg 





PORT OF BRISTOL. 
BXTBENSION OF GRANARY, 
ROYAL BDWARD _DOOE, AVONMOUTH. 


The Docks Committees are are prepared to receive 


[renders for the Construction 


& FERRO-OONORETE BUILT SILO 
GRANARY of 20,000 tons capacity, carried on 
Ferro-concrete Piles. 

On and after Wednesday, the 4th A 
copies of the Specification and Contract 
ean be obtained from the undersl 
of a receipt shewing a deposit of 25 has been paid 

SeorETARY of the s Committee, at 19, 
Queen Square, Bristol, to whom all cheques must 
be made payable. The deposit of 25 will be 
returned to all bona fide Tenderers after the 

H wey yp Led, a Tender with all the prescribed documents 
an 


Tenders must be enclosed in a sealed envelope, 
endorsed ‘Tender for Extension of Granary,” and 
addressed to the SrcreTary of the Doeks Com. 
mittee, 19, Queen Square, Bristol, and must be 
delivered to him accompanied by all the prescribed 
documents and drawings before Ten a.m.,on Friday, 
the 27th August, 1920. The Docks Committee A 
not bind themselves to accept the lowest or any 


Tender. 
THOMAS A. PRAOCR, 


st, 1920, 
rawings 
ed on production 


meer, 
H 885 
THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 


| 


17th July, 1920. 





——— 


The Directors are prepared to receive 


[Tenders for the Supply of the 
following STORES, ome 
1. Wicks, Lubricating Pads, &c. 
2. Paints iteries, &o. 
3. Platelayers Tools, 
4. Lamps and Fittin, 7 
5. Acid Open Heart “Steel Boller 
Plates, 


5, 
Specifications and Forms of Tender ae be ob- 
tained at this office on payment of the fee for the 
Specification, which pay ment will not be returmed, 
The fee should accompany any application by 
Tenders Sapte Goltvased tn eopasitten 
STendertor Wi digs Ks Lubrtoating Fads be. on 


on on, Rueeday, the the Toh he Son 1920. 
ot bind themselves to accept 


R, H, WALPOLB, 


Com “Bb 
piet Jiniy, 1008. 


ed 
." OF, asthe 
‘clock a.m., 


dv inen oreene Tender, 


BURMA RAILWAYS COMPANY, LIMITED. 


The Board of Directors of the Burma Raliways 
Company, Limited, are prepared to receive 


nders for the Supply of 
BRIDGEWORK (3-100 ft. Spans). 

For each copy of thes fication a fee of 20/- will 
be charged, which fee is not returnable. Tenders 
encl in sealed envelopes addressed to the 
“ Chairman and Directors” and endorsed *‘ Tender 
for Bridgework” must be delivered at the Com- 
pany’s Offices not later than Twelve noon on Friday, 
13th August, 1920. The Directors do not bind 
themselves to aecept any or the lowest Tender, and 
reserve the right to divide the order. 

The Spans are very urgently required in Burma. 

By Order of the Board, 
"eae Director. 
ng Dir 
199, Gresham House, 
Old Broad Street, 
London, E.C. 2. 
22nd July, 1920. : me gn ss 
“"BWANSEA HARBOUR TRUST. 


STEEL RAILS AND FISHPLATRS. 
The Trustees invite 


’ | ‘\enders for the Supply an: and 
DELIVERY, f.o.r. Prince of Wales 
Swansea, of the following :— 
About 200 tons of 80 lbs. BULL-HEAD SECTION 


Ls. 
ee eight tons of SHALLOW FISHPLATES to 
About 150 tons of 80 lbs, FLAT - BOTTOMED 
SECTION, 
— six tons of SHALLOW FISHPLATES to 


=the Rails and Fish plates to be in strict accordance 
with the British Standard Specifications. 

Further particulars and Forms of Tender may be 
obtained at the Harbour gy from Mr. A. O, 

enk, the Trustees’ Engineer 

Tenders sealed and marked “Rails and Fish- 
plates,” should be delivered to the undersigned on 
or before Wednesday, 4th August, 1920. 

The Trustees do not bind themselves to accept 
the lowest or any Tender. 

TALFOUR® STRICK, 
(Cc lerk). 


H779 


Harbour Offices, Swansea. 
12th July, 1920. 


«i 


MINISTRY OF MUNITIONS. 





BY DIRECTION OF THE DISPOSAL BOARD. 
(PLant anp Macurvery Sxcrron.) 


Fo Sale by Public Tender. 
Lying at Messrs. one & Co., 
PARKHBAD, GLASGO 


12 High-Class 21in. Centre 8S. and sc. LATHES, 
maximum distance between centres 22 ft. and 26 ft., 
each with 4-8 Gear Box, 2 Duplex Suddles with 
front and back tool rests, 3 point stay, 19 change 
woees, also 30 HP., Motor and control panel for 


iy Atoy bremry mi 8 PLANING MACHINES to 
lane 6 ft, —) h and 16 ft. long, electrically 
riven by paten ae drive, each with the 


ry sw cutee, 
ares SURFAO | TABLES, 20 ft. x 
MILLING Ooh PRO. 
Lf Smith of gwen 
Two BAND SAWING MACHINES by Noble & 
am. electrically driven and control panel for 


Pull Wg ager vonigg ete., — tender forms and 


permi obtained on lication 
to the he Se iow, imag. be D.B.1. oy © Charing Cross 
Embankment Huts, London, Ss. 

All Tenders to be received by TEN a.m., August 6th. 

Nore. "tert iculars of other Government 
Pro ¢, see Surplus, price 3d. at all Book- 
— 8, a by quarter subscri _ of 2s. post free 
in the Uni nee Sis le in advance to the 
Director of Publ rity, Inset of Munitions, 
Whitehall Place, 


913 | necesea: 


wal ITED. 
IN VOLUNTARY ny, Girne 


To Engineers, Commercial Motor Manufacturers, 
Textile inists, Iron kerry Steel Founders, 
Capitalists, Company Promoters, and others. 


[rhe Valuable Freehold 


FACTORY, FOUNDRY and PREMISES, 
together with Plant and Machine: , Fixtures and 
Goodwill ef JAMES WHITELEY IMITRD, 

FOR SALE BY TENDER. 


THE FAOTORY contains a Com Plant and 
Foundry Bquipment for the Manufacture from the 
raw — a Commercial Motor Chassis, every 


part bemg made in the with the exception 
of = Tyres, in the Pastors with and cea 
Rt FOUNDRY is equi for making every 
on the Chassis incl — inder a 

Semi Seal Castings, Alemiabess rankcases, &c 
THE PRODUCT being manufactured is a 30 cwt. 
Chassis, this size of Ohassis being in almost 


ne igs demand. The Product is standardized, 
=” + and 70 per cent. of the patterns are on 


Part of the Plant and Machin is almoat fe 

and the whole is in excellent working rhe mo “whe 

THE OFFER peg an excellent opportunity 
neeri 


for acquiring f 
Pro ich ufacturing 


ft. of covered 
opis , and fs as within five minutes from 
fax Passenger and Goods Stati 
in a the best Manutact of Halifax. er x 


The premises alon it and machinery 
fo. may be viewed from Maeda the 26th July, to to 
Saturday, 3ist July, 1920, teteenn the hours of Ten 
Five p.m. each day, and at other bean i 
an appoint ment being made with the und 
of Tender and Complete Catalog 
Works, As, fo. are now red, and may be oa 
a 


a to the 
& SHEPHERD, ‘bane B House, Halifax, 


FRANK 8. MITCHELL, 8, Wards Ena, 
J. W. he b Accountant, oak 


Joint Liquidators. 





946 | stow. 


—To be Sold 
CORRUGATED wk 

now as a canteen, containing 
ll, Reading-room, Kitchen, Larder, 


uildi 
TENDE 
BUILDING, 
Dining: 


rand floor area 5,200 square feet. 

Timber-framed, match boarded inside, wood-floors, 
“ae excellent condition. 

Plans and — of sale on application to 
a. GREEN & SON, Lrp H 915 


. Wakefield. 








APPOINTMENTS OPEN. 
MUNICIPAL TROHNICAL SCHOOL, LURGAN- 





equired, in “September next, 
the services of a TEACHER of MEOHAN- 

ICAL BNGINEERING pcdermag ha = 
mencing salary with war-bonus is £293. 


The com- 
For full 


jars apply to H. Q. ARMSTRONG, Principal. 
939 | Particulars apply cipal. 





THE UNIVERSITY O OF LIVERPOOL. 


GRADB Ill. LECTURESHIP BLECTRICAL 
ENGINEERI 


The Council invite 


~ A Pphcations for this Post. 
—_ omens to £400 by annual 
increments : at 250 Full particulars may be ob- 
tained from the REGISTRAR, to whom app ications 
must be made on or before September 1st, 1 i 
H 862 
THE UNIVERSITY OF LIVERPOOL. 


GRADH III. LECTURESHIP IN MECHANICAL 
ENGINEERING. 


The Council invite 


A plications for this Post. 

#2300, increasing to £400 by annual 
increments of £50.— Full particulars may be obtained 
from the REGISTRAR, to whom application must 
be made on or before August 16, 1920. H 863 





TECHNICAL SCHOOL, 
AUSTIN MOTOR 00., LE LTD., BIRMINGHAM. 


pplications ar are Invited for 
POSITION of oe of MATH R- 
MATICS and ENGINEERING SCIEN Special 
knowledge of lege trained me et ae essential, but an 
d Sa 
— keane pre full pa 
Trainin, ment, 
Lrp., Longbridge Works, 
H 636 











LONDON COUNTY COUNCIL. 


here will be a Vacancy in 

September, 1920, for a VISITING TEACH HR 

of TOOL and JIG MAKING, at the L.C.C. Hackuey 

Institute, Dalston Lane, B. 8, for two attendance mb 
week ata rate of pay of 15s. an attendance of alx 

three hours. Candidates must have had wide = 

perience in the designing and manufacture of tovls 


and jigs. 

Preference will be given to those candidates who 
have served, or attempted to serve, with the forces 
of the Crown. 

Application forms may be obtained from the 
Bducation Officer, (T.1(a)), Education Offices, 
Victoria Embankment, W.C. 2 (stamped adéreseed 
foolscap envelope nec ). ‘orm must be re. 
turned by ll a.m. on 29th July, 1920. -Canvassing 


ifies. 
JAMES BIRD, 
Clerk of the London County Council. 
H 9235 





ales Manager Required in 

London to handle output of Engineering firm 

in Midlands specialising in Colliery Plant, Coal- 

cutters, etc., and general engineering. Full 

particulars, age, experience, salary asked, etc.— 
Address, H 960, Offices of ENGINEERING. 


Works Manager, for General 


Engineering Works, South Yorkshire. 
Modern well- reve factory, ‘employing about 70 
hands, on Steelworks, poe nine —s Machinery, 
and large repair trade, including a Steam Wagon 
Department, Preference will be given to suiteble 








CITY AND ek pre accern 
COLLEGE. 


[there is a Vacancy in the 

Mechanical Engineering Department for a 
MECHANIC INSTR OR with a knowledge of 
modern machine tools and methods of production. 
Total stipend £250 annum.—Apply in the first 
instance to Prof, B. DALBY, F.R.S., City and 
Guilds (Engineering) College, Exhibition Road, 
London, 3.W. 7, before July 30th. H 871 


CITY AND OCR oe eee 
COLLEGE. . 





here is a Vacancy in the 
Mechanical Engineering Department for a 
LECTURER in MECHANIO. RAWING and 
DESCRIPTIVE GBOMETRY. The applicant 
should have a knowledge of Applied Mechanics, 
Materials and Heat Engines. Total stipend £380 
r suman: —Apply in the first instance to Prof. 
DALBY, v .8., City and Guilds (En. a 
ia College, *Rxhibi tion Road, London, 
before July 30th. 


CITY AND avian NGINRERING) 


‘et 





here is @ ‘Vacancy in the 
echani: Bogivesst “> epartment for a 
LROTONER in NGI EERING SCIENCE. Total 
stipend £380 per annum. en in the first instance 
to Prof. W. EB. DALBY, . City and Guilds 
aren ene lushibition Koad, London, 
7, before July H 873 


CITY AND ae 
COLLEGE. 





[there is a Vacancy in the 
Mechanical Engineering Department for a 
DEMONSTRATOR in BNGINEERING SCIENCE. 
Total stipend £270 — ALBY. Pow y in the first 
instance to Prof. W. R.S., City and 
Guilds “Gngineesng) ‘College "Exhibition Road, 
London, 7, before July 3uth, Hi 874 


CITY OF BIRMINGHAM EDUCATION 
COMMITTEE. 





ASTON FROBNICAL SCHOOL. 


Reauired, in September next, 
“the FULL-TIMESERVICHS = a LECTURER 

in MBCHANICAL ENGINEERIN 
The commencing salary offered wai depend upon 
the previous training and experience of the 
candidate.— For full particulars, PR to the 
PRINCIPAL, Aston Technical School, Whitehead 
, Aston, ‘Birmingham. H 877 


THE UNIVERSITY COLLEGE OF 
SOUTHAMPTON, 


LECTURER IN N ENGINBERING. 


APP plications ar are Invited for 


the above POST ata salary of £350 to £400 

per annum according to qualifications. 
Further 
REGISTRA 


TECHNICAL INSTITUTB, WALTHAMSTOW, 
Prineipal—James G. B. Epwarps, A.M.1I.M.B. 








The Governors invite 


Re a en for the following 


sees Sa. tee: Dey. -Dapaylentes ef, ae 


eeneWO LOT LHOTURBRS § in Subjects. 
get per annum. 
Candidates ld possess a University a ot 
S| stop equivalent, and should have had genetionl ete 


ers appointed will have tHe opportunity of 
taking event vce “~ ° 


lication Forms, which must be returned 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 


(Concluded from page 87.) 
InTERNAL-COMBUSTION Marine ENGINES. 


On Thursday, the 8th inst., the technical pro- 
ceedings of the Institution were continued, a meeting 
being held at 10 a.m. in the Lecture Hall of the 
Central Technical School, under the chairmanship 
of the president. 

Two papers on allied subjects were first taken 
together for reading and discussion. These were 
“*Some Experimental Work in Connection with 
Diesel Engines,” by Engineer-Commander C. J. 
Hawkes (retired), and ‘“‘Comparative Trials of 
* Still’ and ‘ Sulzer’ Engines under Actual Working 
Conditions on Board Ships,”’ by Mr. William Denny. 
In both cases the papers were read by their authors. 
Mr. Denny’s paper will be found reprinted on 
page 98 of last week’s issue. Engineer-Commander 
Hawkes’ paper will be found on page 127. It is 
concerned with a record in some detail of experi- 
mental work carried out with Diesel engines at the 
Admiralty Engineering Laboratory. The author 
‘was congratulated by several speakers on becoming 
Engineering Professor at the Armstrong College, 
Newcastle-on-Tyne. 

Sir George Goodwin opened the discussion. He 
said he supposed it would come as a surprise to some 
people to hear that the Admiralty had an engineering 
laboratory. It owed its existence to the Board of 
Invention and Research. Such a laboratory had 
long been under consideration, but there had never 
been funds available for its equipment. He had 
had many disappointments in connection with the 
matter and was very glad when the laboratory was 
finally established. In the old days it had been 
mecessary for the Admiralty to depend on private 
works for preliminary experiment. It had often 
been felt that this was hardly fair, and at the 
present time he supposed it would be hardly possible. 
Their business in their new laboratory was, of course, 
concerned with naval problems, but much of their 
work would doubtless be useful in the merchant 
service, and now that they had permission they 
hoped to publish more information in the future. 
An efficient head was most important in any 
laboratory, and they had been most fortunate in 
having Commander Hawkes, but he had now left 
them. 

Sir George went on to say that he did not desire 
to comment on the details of the paper, but he 
might say that soon after the laboratory was started 
they began to get information from the Navy about 
difficulties and were able to help in many ways. 
In connection with aluminium pistons he might 
say that a set was fitted on a submarine, which, 
after 300 hours’ running, were taken out and sent 
to the National Physical Laboratory, where they 
‘were reported on to be in an absolutely satisfactory 
condition. After this aluminium pistons were fitted 
to the whole of one class of submarines. This 
was two years ago, and the pistons were still all 
right. This had enabled the power of the boats to 
ibe increased. This change had been made possible 
iby the work of the laboratory. It was stated in the 
paper that there was no growth of the aluminium 
alloy, but he might say that since it was written 
evidence was available of a slight growth going on. 
He would like to emphasise the reference in the 
paper to the necessity for co-operation between 
engineers and metallurgists. He sometimes thought 
that in some directions the engineer was now ahead, 
and the statement that they should be working 
together under one roof was very sound. 

Professor W. H. Watkinson said that the subject 
of the internal-combustion engine for the propulsion 
of ships was of primary importance. Many believed 
that ultimately it might become the only agent 
of such propulsion. He much appreciated the good 
work of the Admiralty Laboratory, and pointed out 
that Commander Hawkes’ paper should be looked 
upon as of a preliminary nature only. The question 
of detonation, for instance, was touched on, but not 
fully. This matter was one of great importance 
and on it little was known. He hoped they 
might later have another paper dealing with the 
matter fully. On the question of co-operation 
between the metallurgist and the engineer he 








would point out that the two were closely allied 

at the Liverpool University and that Messrs. 
Alfred Holt and Co. had founded a chair of metal- 
lurgy in the Faculty of Engineering. In connection 
with the reference to a compound internal-com- 
bustion engine in the paper he would like further 
details about what had been done. As the com- 
pound engine had supplanted the single engine in 
steam work, so he thought in the future we would 
come to the use of compounding in internal- 
combustion work. Mechanical complications were 
probably not inherent in such compound internal- 
combustion engines. 

Turning to Mr. Denny’s paper Professor Watkin- 
son pointed out that it was an excellent example 
of a paper devoted to facts and not to opinions, and 
some of the facts given were most important. He 
would point out that the mechanical efficiency of 
the engines was very low, down to something like 
0-67 or 0-69. The thermal efficiency saved the 
situation, but the mechanical efficiency was much 
lower than it should be. Neither engine, he noted, 
had a fuel consumption of less than 0-44 lb. per 
shaft horse-power per hour. This was disappoint- 
ing for the Still engine since a figure of 0-4 had been 
obtained with no special arrangements. He noted 
that the consumption curve of the Still engine 
curved u at the end. This he attributed 
to bad combustion and thought air injection would 
improve matters. Professor Watkinson went on 
to say that twenty-two years ago he had tested the 
first Diesel engine built in this country. The total 
consumption curve was found to turn up just like 
the curve for the Still engine in the paper. He 
thought at that time that this was due to imperfect 
combustion and the idea was confirmed by an 
examination of the exhaust. He would like to 
know why the vacuum of the Still engine was so 
wretchedly bad, only about 9 Ib. and also why the 
maximum steam pressure was not more than 25 lb. 
Surely these figures might be improved on if good 
results were wanted. He would also like to ask 
why the engine was designed to run astern on steam 
only, had this anything to do with the angular 
spacing of the cranks ? 

Mr. James Richardson said that it must be agreed 
that the paper of Commander Hawkes was very 
pleasant reading since the large Admiralty experi- 
mental engine was conceived, designed and con- 
structed before particulars were available of the 
German 20°8 in. diameter cylinder submarine 
Diesel engines. Especially pleasing were the 
results of the experiments in view of the very 
considerable publicity given to the details and 
performance of these German engines in the 
technical press. The results given by Commander 
Hawkes showed that there was no mystery about 
the performance of the German engines and that 
results equally good could be achieved without 
encountering any outstanding difficulty. It should, 
however, in fairness be noted that the engine 
described by Commander Hawkes was a single- 
cylinder unit running in a laboratory, whereas 
the German engine was a multi-cylindered machine 
actually in operation in submarines at sea. It 
should, however, also be put on record that the 
results of the trials at the Admiralty laboratory 
indicated a degree of efficiency of Diesel engine 
performance higher than had ever before been 
achieved. This was a very substantial success of 
which all concerned might well be proud. 

Interesting comparisons arose from the results 
of the trials, and it would be seen that with the 
smaller engine of 14} in. diameter, powers of over 
100 Ib. per square inch mean effective pressure on 
an indicated horse power basis could not be obtained 
without smoky exhaust and this on a fuel oil such 
as shale oil of 0-86 specific gravity ; whereas with 
air injection on the larger engines and Texas oil 
of 0-92 density, 130 lb. per square inch and even 
more was maintained with an excellent fuel con- 
sumption per brake horse-power per hour. Super- 
charging with the smaller engine increased the mean 
effective pressure without however clearing the 
exhaust and the consumption of fuel oil was still 
unsatisfactorily high. Air injection could, of 
course, be regarded, as compared with solid in- 
jection, as supercharging, since the air introduced 
to spray the fuel oil into the cylinder assisted and 
supported combustion of increased quantities of 








fuel oil. It was to be noted that experiments would 
in due course be carried out with supercharging 
on this larger cylinder 20 in. in diameter in con- 
junction with air injection of the fuel. 

Ra ee ee 
it would be a matter of considerable difficulty to 
effect supercharging with an air injection engine and 
to show an overall gain. Ports in the bottom of the 
liner were suggested as a means of introducing the 
extra air. He considered that every other method 
of introducing the supercharging air should be 
explored before the ports were resorted to. The 
introduction of such ports with the air belt would 
tend to rob the four-cycle engine of some of the 
structural simplicity that gave it much of ite 
advantage as a marine prime mover. Taking the 
results, however, as they stood, he agreed with 
Sir George Goodwin that they would serve a con- 
siderable purpose in connection with marine work. 
The of progress with the standard mercantile 
engine that lay immediately to hand was to reduce 
its weight, its clumsiness and the space occupied. 
With certain types of vessel the naval architect 
would find that the oil engine could not well be 
applied on account of these factors. Such improve- 
ment could only be effected by increasing piston 
speeds and mean effective pressures and these were 
two questions with which Commander Hawkes’s 
paper primarily dealt. There was one point of 
criticism which might be raised. The fuel con- 
sumptions for the two engines and the various 
trials had been measured with very accurate 
apparatus and were stated to two places of deci- 
mals. The actual tested calorific values of the 
two types of fuel used were not however given. 
Whilst it would not be expected that the values 
could differ much the one from the other, yet a 
small difference would alter the fuel consumption 
figures. For a true comparison calorific values 
must be taken into account. 

Mr. Denny’s paper comparing the Still and 
Sulzer installations in regard to their actual per- 
formance at sea was also a record of facts. Judging 
from the plans of the machinery on board, the 
impression certainly was obtained that the Still 
engine with its combined oil and steam plant was 
much the more complicated. An. important point 
was that with such an installation the requirements 
of the classification societies in regard to safety 
and security of operation had to be observed in 
full both for the oil and also for the steam installa- 
tion. The curves of performance would be im- 
proved and a better conception, at a glance, of 
the relative efficiencies would be obtained if mean 
effective pressures in the working cylinder were 
also plotted on a basis of revolutions per minute. 
There.could be no doubt, as mentioned by Professor 
Watkinson, that the combustion of the Still engine 
broke down at, or about, 240 revolutions per 
minute. The curves of consumption of fuel oil 
showed the same remarkable and une 
break-down. This was exactly the opposite of 
what would be expected. It would be estimated. 
that only when the mean effective pressure in the 
oil cylinder reached a substantial figure would 
sufficient steam be generated in the jackets and by 
the exhaust to have any appreciable influence on 
the overall economy. 

Mr. Le Mesurier said he had been struck by the 
difference in rating of the Sulzer and Still engines. 
The Sulzer dimensions seemed considerably in 
excess of what was required. The maximum load 
of the Still engine was given at 240 r.p.m., but they 
also happened to be the speed corresponding to the 
normal speed of the ship. The shaft horse-power 
of the Sulzer engine at this speed was, however, 
given with a mean effective ure of 58 lb., 
which was considerably below the full power of the 
engine. The comparison was thus unfair to the 
Sulzer engine. For best results the Sulzer engine 
should have had 8-in. cylinders, which would have 
given better results and full margin for overload. 
The total effect would have been a saving in weight, 
a saving in space and a saving in fuel consumption, 
since the engine would have worked nearer full 
load conditions. No doubt the engine used 
was selected as the nearest standard av but 
the effects he had pointed out were important. 

In connection with the typical indication dia- 
grams given in the paper, he noted that Mr. Denny, 
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referring to the Still engine, said “ the com 
pressure in the cyfinder is considerably lower than 
in the case of ordinary Diesel engine practice.” 
This might be so, but the diagrams did not indicate 
any great difference in the conditions in the cylinder 
between the Still and Sulzer engines. In connection 
with the curves of indicated horse-power he suggested 
that the errors which inseparably came in in such 
measurements might modify the curves considerably. 
Similarly in connection with the low mechanical 
efficiency which Professor Watkinson had men- 
tioned, he did not think the figures could be quite 
accurate for such small engines as those dealt with 
and in any case they cover pump friction, &c. The 
curves given in Fig. 4 of the paper were the least 
liable to error and of the greatest ical import- 
ance. It would be seen that at about 242 r.p.m., 
which was the service speed, the oil consumption of 
the Still and Sulzer engines was equal, and this was 
despite the fact that the Sulzer engines were of a 
1913 model and that the cylinder dimensions were 
not appropriate for purposes of comparison. Fig. 4 
showed clearly that with a slight alteration in the 
cylinder dimensions the Sulzer engine would have 
better fuel economy than the Still engine. 

He noted that the boiler which worked in con- 
junction with the Still engine had been free from 
trouble with oil. This was important, and was 
contrary to what most engineers would have 
expected. A piston rod alternately entering the 
closed crank chamber and the cylinder of oil engine 
driven dynamos in ship work had given much 
trouble. The Still engine had apparently been free 
from difficulties in connection with this matter, 
although he noted that Mr. Denny said the filters 
required frequent attention. With more 
prolonged running he doubted if one would avoid 
contamination. Mr. Le Mesurier concluded by 
saying that he had not had the benefit of seeing 
Commander Hawkes’ paper before coming to the 
meeting, and hence was hardly prepared to discuss 
it. There was one point, however, which he might 
mention. This was in connection with the use of 
high mean effective pressure in the cylinders of 
naval engines. In this matter he did not think 
any difference could be drawn between naval and 
mercantile engines. The question of piston speeds 
was another matter, however. 

Mr. Shannon, referring to the first paper read, 
said that in his opinion the limit to supercharging 
would be found in the crankshaft, especially with 
eight - cylinder engines. Supercharging might 
inorease the output by as much as 50 per cent., 
but the crankshaft would prove a serious problem. 
He thought the paper threw valuable light on the 
question of solid and air injection, and agreed with 
Mr. Richardson that oxygen in the air blast would 
increase the pressure. In connection with matters 
of rating he would point out that the merchant 
service wanted stayers and the Navy wanted 
sprinters. The best rating for the merchant service 
was the rating of lowest fuel consumption. An 
engine which got an increased output of 4 per cent. 
to 5 per cent. at an increased fuel consumption of 
74 per cent. was no good for the merchant service. 
In the matter of detonation he would say that they 
obtained it under some conditions with the Cammel- 
laird-Fullagar oil engine, but could not find that it 
was associated with any increase in pressure. They 
were able to control it in the same way as was 
indicated in the paper. Finally he would say that 
he would like to have the opposed-piston engine 
added to Table VI of the paper. 

Mr. Leigh Martineau said that at the moment he 
wished only to say a very few words. In the first 
place he wished to point out that the Still engine 
dealt with in Mr. Denny’s paper was the first of its 
type designed, and put on a boat fer using fuel oil, 
whereas the Sulzer engine with which it was com- 
pared had ten years’ sea experience behind it. 
The second point was that no great effort was made 
in the design of the Still engine to reduce weight, as 
the reduction was in any case so great as compared 
with a steam engine. There was no doubt but 
that further reduction could have been made had 
it been desired. He would also like to refer to the 
question of manceuvring and to point out that 
Mr. Denny admitted that the Still engine was 
superior in this respect. His last point was that 
if compounding had been used on the steam side 





the full value of the high boiler pressure could have 
been utilised instead of the steam having to be 
throttled down as was done. As it was, the Still 
engine, using solid injection, showed a saving of 
2} per cent. to 5} per cent. in fuel. 

Mr. Martin said the papers showed much useful 
work was being done in connection with the develop- 
ment of marine oil engines. In connection with 
the idea underlying the Still engine he would point 
out if the exhaust from a Diesel engine was used 
to heat air, this air could be used for driving the 
stecring gear engine. 

Mr. Scholes, the last speaker in the discussion, 
said that Commander Hawkes’ paper was full of 
valuable suggestions. He had been interested to 
note that naval] people were following the lead of 
aircraft engine designers in employing aluminium 
pistons. Such pistons were, of course, valuable in 
aero engines in helping to reduce high-speed inertia 
stresses, while in var work their heat-conducting 
properties were useful. He would like to know if 
it was for similar reasons that such aluminium 
pistons were being used in naval engines, or, if not, 
what was the idea of using them at all. Aluminium 
had been entirely satisfactory for small pistons, and 
he would be interested to know how it ultimately 
behaved for sizes up to 20 in. diameter. He would 
like to know if any attempt had been made to plot 
a heat balance and show the effect of the aluminium 
pistons. 

Engineer-Commander Hawkes then replied to 
the discussion. He thanked Sir George Goodwin 
for his remarks and said that much of the success 
of the work done had been due to his encouragement. 
In connection with Mr. Richardson’s remarks on 
supercharging he would say that his idea was to put 
the extra air in at low pressure and not through the 
fuel valve. He did not think there would be any 
objection to ports through the liner, as they would 
only have to pass cool air. The calorific value of 
the fuel which was asked about was 18,400 British 
thermal units. There was no trouble with gumming 
up in the engine, although it had run for many times 
more than 30 hours, and combustion was not quit 
complete. He appreciated Mr. Shannon’s point 
about the crankshaft, but did not think it would 
limit development in the direction he had indicated. 
He thought the better results obtained with air 
injection were due to a better distribution of the 
fuel. In connection with high mean. pressures, 
he would say that he did not recommend them for 
merchant service engines. Mr. Shannon had 
referred to Table VI, and said he would like the 
figures for the Camm llaird-Fullagar engine added 
to it. These would come out at 1-55 for an eight- 
cylinder engine and 1-01 for a twelve-cylinder 
engine. This showed the desirability of not having 
a large number of cylinders with the Cammellaird- 
Fullagar engine. 

In connection with Mr. Martin’s scheme for 
driving the steering engine by air heated from the 
exhaust of a Diesel engine, he would say that he did 
not think the scheme would be satisfactory on 
board ship. The air would lose much of its heat 
if it had to be carried far. Some work had been 
done in the matter in the dockyards. Replying 
to Mr. Scholes’s question about aluminium pistons 
Commander Hawke said that essentially they had 
tried aluminium pistons just to try them and see 
how they would do. He did not think they had 
any definite preconceived ideas. There was no 
doubt but that one effect of such pistons was that 
the cylinder liner remained in very good condition. 
Even a seizure did not spoil the liner. A heat 
balance had been taken out, but he did not remember 
the exact figures. Speaking from memory, about 
11 per cent. of the heat went through the jackets. 
Referring to Mr. Denny’s paper, Commander 
Hawke mentioned the rise in consumption with the 
rise in indicated horse-power. The horse-power 
figures, of course, included the steam end, but from 
the point of view of consumption it was only 

to consider the oil side. He thought 
the rise in consumption was due to delayed com- 
bustion as a result of running with too high a piston 
temperature. The matter turned on the ability of 
the engine to produce sufficient steam to cool the 
piston properly. He thought the engine was not 
doing this and that the piston got too hot. 

Mr. William Denny also replied to the discussion. 





In reply to Professor Wilkinson’s question about 
the low vacuum he said that this was due to the 
air pump being too small. An increase in vacuum 
would, however, only have given a slight increase 
in the steam power which was only 10 per cent. of 
the total. Professor Watkinson had also asked 
why the engine was designed to run astern on steam 
only. He would say that the engine was the first 
of its type, and as no Still engine had previously 
been run astern it was decided to keep to the crank 
angles with which most experience was available. 
The power of the Sulzer engine, compared with that 
of the Still, was as 100 to 80, but the Sulzer had, 
of course, to drive the compressor. The reason the 
8}-in, cylinder Sulzer engine was used was that 
when designs were asked for from Messrs. Sulzer 
they sent the 8}-in. cylinder engine as the nearest 
stock size. The Still engine worked at a lower 
compression. He did not think the trials dealt with 
were of sufficient duration to determine relative 
reliabilities. In connection with Mr. Le Mesurier’s 
remarks about contamination of the boiler in the 
Still installation he would say that there was a 
separator below the engine exhaust and that the 
water passed through filters filled with towelling. 
This towelling certainly got rather dirty and had to 
be attended to fairly frequently.. In respect to 
Mr. Martineau’s remarks about manceuvring the 
Still engine was certainly quicker when the steam 
end was in operation. 


Tue Erricrency oF PrRoputsion or SHIps. 


The President at this stage vacated the chair, 
and his place was taken by Sir Archibald Denny. 
The next paper taken was the last on the programme 
of the meeting. It was entitled “The Efficiency 
of Propulsion of Full-Sized Ships,” and was read 
in abstract by the author, Mr. C. Frodsham Holt. 

The paper, which we hope to reprint later, | 
began by pointing out that although data was 
available, in the works of Mr. R. E. Froude and 
Admiral Taylor, on the performance of model 
propellers to cover the whole field of ordinary ship 
design, with the exception of the fastest types of 
destroyers and cruisers, it was not possible to use 
these data directly in design because of the differ- 
ences existing between the behaviour of a model 
propeller working in open water and a full-sized 
propeller working in the disturbed wake behind a 
ship. A step forward had been recently taken 
when the actual thrust of each propeller of the 
H.M.S.. Mackay was accurately measured and 
recorded for a wide range of speed and power. 
This boat, a flotilla leader of the Scott class, was 
built by Messrs. Cammell Laird. The only other 
published results of which the author had knowledge 
were those carried out on the t.s.s. Oyapook, 
built by the same firm thirteen years ago. Details 
of the experiments were communicated to the 
Transactions of the Institution by Mr. Hamilton 
Gibson. The author had analysed these trials and 
had been able to assess the vajues of the several 
elements of the efficiency of propulsion dnd thus 
compare the performance of full-sized propellers 
with that of models. The basis of the analysis 
was that which Mr. R. E. Froude presented to the 
Institution in 1908 for estimating the thrust horse 
power of model propellers. This basis was sub- 
stantially confirmed by Professor T. B. Abell in 
1910, who compared it with Mr. D. W. Taylor’s 
experiments on slightly ‘larger propellers. The 
method of analysis consisted essentially in! plotting 
curves of thrust horse-power, thrust and mode! pro- 
peller efficiency on a basis of real slip ratio, using 
values deduced from Mr. Froude’s propeller experi- 
ments. With the trial data‘ available the problem 
could be approached either by working from a 
point on the diagram where the thrust was equal to 
that observed on the ship, or from the propulsive 
coefficient based on an estimate of effective horse- 
power and shaft horse-power actually observed. 

Mr. Hamilton Gibson opened the discussion. 
He said that in an early part of the paper reference 
was made to the propeller thrust measurements 
which were carried out on the t.s.s. Oyapock and 
H.M.S. Mackay. Some time before 1907 he 
had obtained a record of the horse-power of @ 
marine turbine by measuring the torque in the 
propeller shaft, and it had occurred to him later 
that if a record of the actual push of the propeller 
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on the shaft could be obtained a direct comparison 
might be instituted between the power transmitted 
to, and the thrust produced by, the propeller. A 
first experiment was made on a small triple expansion 
reciprocating set, by fitting spring balances to the 
thrust and gradually slackening the thrust rings 
away from their solid attachment. The oscillation 
of the pointers of the balances, however, made 
it impossible to obtain any reliable reading. Mr. 
Purves, one of his assistants, then suggested that 
it might be possible to get results if an hydraulic 
cylinder were introduced to take the thrust and 
the pressure produced was measured on an ordinary 
gauge. The details were worked out by Mr. Purves, 
and powers up to 700 h.p. were successfully mea- 
sured on a reciprocating set on a small boat. 

The gear was not applicable to a direct-driven 
marine turbine, but with geared turbines there was 
no difficulty, and the coming of the Michell thrust 
block had made the application a very simple one. 
The arrangements used with a Michell block were 
described in his Institution paper of last year.* 
In addition to the Mackay referred to in Mr. Holt’s 
paper he would say that the Pacific boat Oropesa 
had been fitted. He thought this procedure might 
profitably be followed in at least one vessel of each 
important class built. This appliance appeared 
to have brought us to the stage at which the naval 
architect could say that he wanted machinery for 
a propeller to give so many tons thrust. In con- 
clusion, he should express his appreciation of the 
generous and enlightened policy of his firm, Messrs. 
Cammell Laird, in allowing this work to be carried 
out. There was always some element of risk in 
playing about with hundreds or thousands of horse- 
power. 

Professor T. B. Abell, the next speaker, said that 
Mr. Holt had gone a step further forward in attempt- 
ing to measure another element among those needed 
in the determination of the details of a screw-pro- 
peller. The chief elements involved were the re- 


volutions per minute, the speed of the wake, the 


thrust, and the thrust deduction. these 
we still did not know the speed of the wake and the 
thrust. deduction. There was, however, another 
unknown element, and that was the pitch of the 
propeller. We did not know what the pitch of a 
propeller actually was, but Mr. Holt had used it 
as a known element in his calculation. In this 
Professor Abell thought he was not justified. He 
had based his work on Mr. Froude’s paper of 1908, 
but Professor Abell thought he had misapplied 
the data of that paper. He had personally had 
an opportunity of going through all the work of the 
1908 paper with Mr. Froude, and could say that 
that paper was not to be understood as Mr. Holt 
had understood it. The essential point was the 
factor 1-02 by which the face pitch was multiplied 
to give the effective pitch. This 1-02 really in- 
cluded all appendage resistances, but Mr. Holt 
used it directly in his calculations. In this Pro- 
fessor Abell thought he was quite wrong. His 
general method was admirable, but his thrust h.p. 
was, calculated on a wrong basis, and Professor 
Abell would like him to reconsider the matter in 
the light of this criticism. 

Mr. A, T. Wall said that naval architects looked 
forward to the thrust measurement trials on which 
the paper was based, and he thought Mr. Holt 
was to be congratulated on his contribution. It 
was well known that there were differences between 
model and full-scale experiments, and that the 
propeller coefficient varied even for similar ships 
with different propellers. Mr. Holt’s paper marked 
a new phase in the investigation of the matter; 
and the point which stood out was that he had 
found a propeller doing only 85 per cent. of the work 
which would have been expected from model 
experiments, 

Sir Archibald Denny said that they had been 
doing a large amount of experimental work with 
propellers behind models in his firm’s experimental 
tank, and had had a large measure of success. The 
coefficient which they had found did not greatly 
differ from unity. They were of opinion that the 
true pitch of a propeller varied with the power it 
was transmitting. With a fine pitch the real pitch 
was greater than the apparent pitch. 

* See Encrrezeme, vol. cvii, page 765. 








Mr. Frodsham Holt then replied to the discussion. | 
He said that Professor Abell had mentioned to him 
before the paper was read that he did not agree 
with his interpretation of Mr. Froude’s work, 
but even after that, and after what Professor Abell 
had said in the discussion, he was still convinced 
that his understanding of Mr. Froude was correct. 
He would point out that Mr. Baker used the same 
reading as he did, and that as recently as the pre- 
vious week the Schiffbautechnische Gesellschaft 
used the same interpretation. 

This concluded the technical proceedings of the 
meeting, and the chairman proposed votes of thanks 
to the Lord Mayor of Liverpool, the Reception 
Committee and the various authorities and firms 
who had treated the Institution with such con- 
sideration and kindness during its visit. 

Visrrs anp Exovursrons. 


On the afternoon of Thursday, the 8th inst., 
the members of the Institution were taken an 
excursion on the River Mersey on the Mersey Dock 
Board steamer Galatea and the Cunard tender 
Skirmisher. The party disembarked at the Glad- 
stone Dock for an inspection of the Aquitania, 
where they were entertained to tea by the Cunard 
Company. Alternative visits were available to 
Messrs. Johnson Brothers’ dye-works and Messrs. 
J. Bibby and Sons’ seed-crushing mills. 

On Friday, the 9th inst., the last day of the 
meeting, a visit was paid to Messrs. Vickers’ works 
at Barrow-in-Furness. A special train was pro- 
vided from Liverpool. The time available was 
insufficient for an examination of all the features 
of the Barrow establishment, and the party was 
divided into groups, some viewing the airship shops 
on Walney Island, and others visiting the shipbuild- 
ing and engineering departments. Messrs. Vickers 
entertained the members of the Institution to lunch 
immediately after their arrival. Sir James 
McKechnie presided, and welcomed the visitors. 
He said that the occasion was the first time in the 
history of the Institution of Naval Architects 
that it had visited Barrow, but he trusted it would 
not be the last. Sir John Biles, in replying, men- 
tioned that during the war the Barrow works had 
produced 64 warships of various types. It was 
particularly in connection with submarines that the 
naval shipbuilding side of Barrow was famous, 
and for many years such craft were never built 
elsewhere in this country. 

This Barrow visit formed a pleasing termination 
to what certainly was one of the most successful 
summer meetings ever held by the Institution of 
Naval Architects, _ 





THE STATUTE OF MONOPOLIES. 

In the time of James I matters had come to such 
a state with regard to monopolies granted by the 
Crown, that in 1623 the above Statute was passed 
declaring such monopolies illegal with the exception 
of Letters Patent for inventions. These were to 
cover new manufactures which others at the time 
of making the grant of Letters Patent were not using, 
provided that the grant were not in restraint of 
trade and so on. This statute, therefore, did not 
create any monopoly but, practically, put the 
matter of monopolies on a definite basis. 

The statute laws subsequently enacted for 
Letters Patent for inventions all therefore derived 
their charter, as it were, from the Statute of Mono- 
polies, and therefore it is essential that valid Letters 
Patent for invention must relate to a manner of new 
manufacture. The question of novelty is not dealt 
with here, but the point under consideration is 
whether the existing laws being limited to patents 
for a manufacture are adequate to cover what is 
desirable in the public interest. 

The point is raised in view of two decisions of 
the present Solicitor-General, Sir Ernest Pollock, 
in which he held that certain matters did not relate 
to a manner of new manufacture ; therefore, patents 
for them were refused. These decisions have just 
been reported (‘‘Reports on Patent Cases,” 
vol. xxxviii, June 30, 1920). The first application 
related to a certain manner of coating articles, 
especially war articles, with various colours for 





rendering them invisible. The first three claims 


were for processes and the fourth claim for the 
articles coated. 

The first claim read: “A process for rendering 
an article invisible consisting of coating the surface 
of the article with bars of size and of 
alternate warm and cold colours, su stantially as 
described.” The fourth claim covered an 
Shove ‘aebeien ter usa atte ay ieee 
above process, in which the bars are disposed in 
patches of dark, light and intermediate tones so 
arranged that the dark and light patohes are blended 


ie 


ouflage, and that in carrying out the invention 
a suitable scheme would be selected, but the opera- 
tion of the coating would be effected by any known 
process and the article of manufacture would be the 
product of the known The Solicitor- 
General, on appeal, agreed with the chief examiner, 
and held that the invention did not cover a claim for 
@ particular article to be made under a particular 
scheme, for it indicated that the was only 
& process in this sense, that if one were to follow 
certain rules in selecting colours and apply them to 
any article some measure of invisibility and some 
measure of inviolability from attack would be 
secured. In his view there were several methods of 
selecting any number of different processes which 
would give a greater or less degree of invisibility, 
but these gave no result in the sense of manufacture, 
that is an article that has been manufactured as the 
result of the process. He therefore found that it 
was a matter of ingenuity falling outside that which 
can be protected. 

In the second case the patent application related 
to a method of defence and attack against sub- 
marines in which a line of listening vessels provided 
with submarine detectors is placed between lines 
of chasing and attacking vessels provided with 
detectors and with means for attacking submarines, 
the said chasing vessels on receiving a signal showing 
the presence and approximate position of an enemy 
submarine converging upon the area indicated. 

It was agreed that if the alleged invention were 
&@ mere arrangement of destroyers and submarines 
it would not be a manner. of manufacture, but it was 
admitted that destroyers and submarines could be 
connected, not only by wireless, but by an arrange- 
ment of actual wires, and that, therefore, the scheme 
or arrangement was differentiated from other 
arrangements and, in fact, indicated that there must 
be some new manner of manufacture. 

The Solicitor-General summed up his view on 
which he rejected the ion in this way: 
“Really, when one strips it of the arguments which 
are possible and which can be found scattered 
through these cases (the previously-decided cases 
$a vith ke hed been taletenas finn meee omen 
ment of the component wb of a squadron of 

ties for the defence of 


These are two important decisions which affect 
inventors of processes or schemes in which, although 
considerable ingenuity is displayed, the resul 
product is not one manufactured as the result 
the process. Such cannot be by the 
present law relating to Letters Patent for coda Fm 


registra- 

or copyright. Neither of these would 

be suitable in oases of the kind typified by the two 
examples dealt with above. 

This is not the first time, of course, that matters 

of this class have been considered, and it has before 





of mineral output of that State in 19 

one Peruvian libra to be equal to one British sovereign— 
was 8,324,9601., a decrease of roughly 10 per cent. on 
thé Vales of the Output for the présedilig yea. 
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THE WORKS OF MESSRS. ROBEY AND 
CO., LIMITED, OF LINCOLN. 
(Concluded from page 71.) 

Tue Unirtow Enarxe. 

It has long been recognised that when steam is 
carried through a large range of expansion in a 
single-cylinder engine of the ordinary type, the 
temperature changes within the cylinder constitute 
a serious source of loss. If, for example, steam is 
admitted at a pressure of 180 lb. per square inch 
and exhausted at a vacuum of 26 in., the tempera- 
ture will drop during expansion from about 380 
deg. F. to 126 deg. F., with a corresponding cooling 
of the walls of the cylinder. The incoming steam 
during the next stroke has to flow through valves 
and ports and into a cylinder, all of which a second 
before were in contact with the comparatively cold 
steam exhausting after the previous stroke. The 
metallic surfaces thus become re-heated at the 
expense of the incoming steam, much of which 
becomes condensed in the This inter- 
change of heat takes place at every stroke of the 
engine, and is responsible for a material loss. 
The provision of separate steam and exhaust valves 
mitigates, to a certain extent, the loss from initial 
condensation, but even with such an arrangement 
there is a considerable waste of heat from the cause 


Fie. 36. 








walls adjoining them, as the piston covers all the 
cooled area. Further, the exhaust steam does not 
flow over or near the hot inlet valves and ports, so 
that the latter suffer the minimum of cooling as the 
temperature of the working steam is reduced by 
expansion. It will therefore be seen that, so far as 
possible in a reciprocating engine, a steady tempera- 
ture gradient exists within the cylinder with a 
consequent minimum of loss due to the interchange 
of heat between the steam and the metallic surfaces. 
This permits of a large ratio of expansion without 
undue condensation losses, and in fact a simple 
Uniflow engine is claimed to equal a triple ex- 
pansion engine in efficiency when working under 
the same steam conditions. 

The mechanical simplicity of the Uniflow engine 
is also very noticeable. The length of the piston 
obviates the necessity for a tail rod, so that as 
compared with a tandem compound Corliss or 
drop-valve engine, the Uniflow has one piston rod 
gland as against three, and two valves only as 
against eight. The valves are located on the top 
of the cylinder and are operated by cams driven by 
eccentrics mounted on a lay shaft. A centrifugal 
shaft governor varies the position of these eccentrics 
according to the speed of the engine, and so alters 
the time of cut-off. The type of valves and the 


general construction of the Uniflow engine render 





understood from the description we have already 
given. The control of the Unifiow engine is effected 
by a governor situated on the lay shaft, details of 
the governor gear being given in Figs. 36 to 38 on 
this page. The action of the governor is to cause the 
eccentric sheaves to move on the rectangular blocks 
shown, and thus to vary the cut-off of the steam. 


“Tux Rosey Compounp SuPERHEATER ENGINE. 


For situations where an extremely compact yet 
highly economica] steam plant is required, the com- 
pound superheater engine of the type illustrated in 
Fig. 30, on the opposite page, is often advantageous. 
The floor space necessary is small as compared 
with other kinds of plant, and owing to the 
self-contained design the cost of foundations and 
other incidentals to installation is also a minimum. 
The absence of all steam pipes connecting the engine 
with the boiler not only simplifies erection in out- 
of-the-way places, but at the same time does 
away with what is often a source of considerable 
loss. The efficiency of engines of the type in 
question is, morcover, remarkably good, and this 
fact, combined with the other advantages to which 
we have alluded, has brought about their wide 
adoption. A further consideration is that a single 
attendant only is required, the whole of the plant 
being visible and accessible to him. 


Fie. 38. 
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we have mentioned. Compound and triple ex- 
pansion engines owe their greater economy entirely 
to their ability to utilise a large range of expansion 
without heavy condensation losses o to their 
smaller temperature ranges per cylinder, but the 
greater cost and com tions of such engines, as 
compared with simple engines, have also to be 
taken into account. A compound or triple ex- 
pansion engine, of course, gives no more power 
than would be obtained from the same amount of 
steam expanding in its low-pressure cylinder, the 
provision of high-pressure and intermediate cylinders 
adding nothing to the power of an engine, but 
only enabling the expansion of the steam to be carried 
out with less loss than in a single cylinder. It 
follows that if a single-cylinder engine could be 
devised which would avoid the heat losses inherent 
in the ordinary type it could compete in economy 
with the compound or triple-expansion engine, and 
would have substantial advantages over such 
“ir in respect of simplicity of construction. 

n the Uniflow engine, of which Messrs. Robey 
and Co. are the largest British manufacturers, the 
whole range of expansion of the ateam from boiler 
pressure to condenser jure is carried out in a 
single cylinder. The cylinder is longer than the 
usual proportions, and the piston is nearly half the 
length of the cylinder. Steam is admitted by drop 
valves placed at the ends of the cylinder and is 
exhausted through a ring of ports around the centre 
of the cylinder which are uncovered by the piston 
as the latter approaches the end of each stroke. 
There are thus no exhaust valves at all, the motion 
of the piston controlling the opening and closing of 
the exhaust ports. The hot live steam entering 
the cylinder cannot approach anywhere near these 
comparatively cold ports or reach the cooled cylinder 





it very suitable for the highest superheats which are 
met with in practice. It is fitted with forced 
lubrication to the main bearings, connecting rod and 
guides and in all other respects follows the best 
modern practice. The single-cylinder type is built 
for general stationary work in eighteen sizes ranging 
from 60 h.p. to 1,000 h.p., but the uniflow principle 
has been embodied in the undertype engines with 
locomotive boilers, which have been for so long a 
speciality of Messrs. Robey and Co. The undertype 
uniflow engines range from 24 b.h.p. to 160 b.h.p. 
non-condensing, and from 30 b.h.p. to 200 b.h.p. 
condensing, but they possess an overload capacity 
of about 50 per cent. which can be utilised in 
emergency. 

The arrangement of a Uniflow engine is shown 
in Figs. 30 to 32, Plate XIII, facing page 118. 
The engine in question develops 1,250 brake horse- 
power in one cylinder and transmits its power by 
means of a rope-pulley. A jet condenser situated 
at the back of the pulley and below the floor level 
provides for condensation, and a double-acting 
wet air pump, driven by an eccentric from the 
crank-shaft, maintains the vacuum. This air pump 
has neither foot valves nor bucket valves, and 
resembles in its action the Edwards type of pump, 
except that it is double acting and is placed hori- 
zontally. Fig. 33 shows a Uniflow engine of 1,100 
ih.p. direct coupled to an electric generator in 
Messrs. Robey and Co.’s own power-house. This 
engine, which runs at 120 r.p.m., has a single cylinder 
35 in. diameter by 40 in. stroke, and its simple and 
clean appearance are well illustrated in the engrav- 
ing. It works with a steam pressure of 200 Ib. 
per square inch and a superheat of 200 deg. F. 

Figs. 34 and 35, Plate XIII, give sections through 
a typical Uniflow cylinder which will be readily 





The fire-box of the Robey superheater engine is of 
the circular corrugated type, terminating in a tube 
plate, from which fire tubes extend to the back 
tube plate at the smoke-box end of the boiler. This 
latter tube plate is no larger than necessary to carry 
the tubes, and is fastened to the inside of the end 
plate of the boiler shell by means of bolts. Similarly 
the front end of the fire-box is bolted to the front 
of the boiler, and so, by removing the bolts, the 
whole of the fire-box and tubes can be withdrawn 
from the boiler shell for inspection or cleaning. 
To do this involves no interference with the tubes 
themselves, nor does it require more skill than any 
intelligent man possesses. When the fuel to be used 
is of a bulky nature, such as straw, wood logs, 
bagasse, or stalks of cotton, maize, &c., the fire-box 
is extended at the front, the extension being lined 
with firebrick, and supported on wheels for ready 
removal. Furthermore, by the fitting of a stepped 
grate, sawdust, rice or coffee husks, tannery refuse, 
&c., can be used for fuel, and, as another alternative, 
oil burners can be fitted if desired. 

The superheater consists of a large number of 
small diameter steel tubes arranged im a zig-zag 
fashion and occupying practically the whole inside 
of the smoke-box. Three steel headers lie longi- 
tudinally in the smoke-box, one at the top and 
two at the bottom. The top header is divided 
into two parts, the steam from the stop valve 
entering the one nearest the chimney, passing down 
through two sets of the zig-zag tubes to the bottom 
headers and returning by other similer tubes to the 
inner and hotter end of the top header. It passes 
thence to the engine stop valve. Another valve 
provides for the isolation of the superheater, which 
can be withdrawn from the smoke-box complete 
when desired. 
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The engine proper is of the compound type, 
having cylinders fitted with separate liners which 
are forced into the main casting and bored in 
position. A by-pass to the low-pressure cylinder 
enables the engine to be run as a high-pressure engine 
when starting under an exceptional load or in other 
emergency. The high-pressure cylinder is usually 


economy 8o obtained, the condenser is either of the 
surface or jet type according as to whether the 
nature of the water renders the conservation of the 
condensed steam for boiler feed necessary or not. 
Before passing to the condenser or to the atmosphere, 
as the case may be, the exhaust steam is taken 
through a feed-water heater of the surface type, 
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horse-power at 160 r.p.m. The weights in the case 
of these sizes of engines having jet condensers 
range from 240 cwt. to 1,400 cwt. In sizes above 
225 brake horse-power the fi I takes the form 
of a rope pulley grooved for 1} in. ropes. In the 
case of non-condensing engines the power is about 
25 per cent. less at their most economical ‘load. 
The weight is about 5 per cent. less than when 
equipped with condensers. 
Rosry Dercorticatinc MacuinEry. 

Messrs. Robey and Co., Limited, have been 
particularly successful in connection with the 
somewhat difficult job of devising and building 
machinery for the extraction of fibre from the sisal 
leaf, a process which has to be carried out by native 
labour and under all the disadvantages as regards 
maintenance and repairs which work in new and 
tropical countries involves. The sisal plant (Agave 
sisalana) is a kind of cactus native to Mexico which 
produces a number of thick, pulpy, sword-like 
leaves about 5 ft. long. Its cultivation has been 
introduced into East Africa, where it flourishes 
exceedingly well on the coast plantations where the 
coral soil is unsuitable for ordinary crops. The 
extractable fibre constitutes only from 3 per cent. 
to 5 per cent. of the weight of the raw leaf, but the 
length and tensile strength of the fibre combined 
with its stiffness and elasticity render it especially 
suitable for certain purposes, such as the manu- 
facture of binder-twine, for which it is extensively 
employed. 

The principal machine in connection with a fibre- 
extraction plant is the decorticator, the appearance 
of which is illustrated in Fig. 40, on this page. The 
sisal leaves, in the green condition in which they are 
harvested, are placed transversely upon the: five 
conveyor chains, shown prominently in the illustra- 
tion, and are carried by them into the machine. 
They are delivered by the conveyor chains to the 
main feed chain close to the point at which this 
makes contact with a grooved pulley round which 
it passes. The leaves are gripped by their centres 
between the feed chain and the grooves of the pulley 
and the overhanging ends on one side are guided 
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fitted with a piston valve on account of the high 
superheat with which the engine works, but Messrs. 
Robey and Co. also fit drop valves to the larger 
sizes. In any case the engine is governed a 
crankshaft governor which varies the point of cut- 
off in the high-pressure cylinder. The low-pressure 
eccentric has a hand adjustment. 


When the superheater engine is arranged for 
condensing, as it usually is on account of the greater 


which raises the feed-water temperature to 170 
deg. F. or so, without contaminating it with oil 
from the cylinders. The air pump for the con- 
densing engines is of the double-acting central inlet 
type without either foot valves or bucket-valves. It 
is driven by an eccentric on the crankshaft. 

The Robey superheater engines are built as con- 
densing engines in 15 sizes ranging in power from 
40 brake horse-power at 220 r.p.m.' to 450 brake 








so that they have to pass between a threshing drum 
| armed with blunt knives on its circumference, and 
|@ “concave,” or fixed curved surface forming a 
| partial housing for the threshing drum. The action 
of the knives on the drum is to scrape the half of 
the leaf being operated on in a longitudinal direction; 
the leaf being held up to the blades by the support 
of the concave. On emerging from the concave 
that end of the leaf consists only of a number of 
fibres, the whole of the pulp having been beaten 
away. A blast of air, furnished by a fan on the 
| machine, drives the hanging fibre aside and causes 
| it to be nipped between the feed chain and a second 
| grooved pulley immediately that the grip upon 
| the central part of the leaf is released. The second 
end of the leaf, including the central portion by 
which it was originally held, then passes between 
a second threshing drum and concave, and when 
the leaf emerges from this concave nothing remains 
| of it but the fibres. These are then delivered on'to 
| a copper bar from which they hang by their centres, 
| and they are transferred by natives to poles and 
carried away to dry suspended in the air. 

All working parts of the machine are either of 
solid phosphor bronze, or are sheathed with similar 
metal, as the acid juices of the sisal leaf rapidly 
attack iron. The standard Robey decorticator, 
inclusive of a 16-ft. feeding table, is 29 ft. 6 in. 
long by 8 ft. 6 in. wide. It weighs altogether some 
11 tons, but is specially sectionalised for con- 
venience in transportation, so that the heaviest 
single part is less than 2 tons in weight. The 
standard machine will handle 13,000 leaves an hour, 
producing from 2} tons to 3 tons of fibre per 10-hour 
day, according to the condition of the leaves. 
It is gratifying to know that British-made machines 
of the type in question are rapidly superseding the 
““Neu Corona” Krupp-built decorticator which 
used to hold the lead, and that recent competitive 
trials have shown them to be distinctly more 
efficient, both as regards quantity of leaves handled, 
and percentage of fibre extracted, than either the 
German or American designs. One item of the 
trials was to supply each of the competing machines 
with 20 tons of raw leaves, and to note both the 
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time taken to decorticate them and the percentage 
of fibre recovered. The Robey machine completed 
the job in 146, minutes, 20 seconds and gave 3-765 
per cent. of fibre, the German machine took 159 
minutes 42 seconds but yielded only 3-435 per 
cent. of fibre, while the American machine took 
173 minutes 52 seconds and furnished 3-515 per 
cent. of fibre. 





THE INTERNATIONAL AERO 
EXHIBITION. 
(Continued from page 79.) 

Im addition to the aeroplanes illustrated and 
described in our last issue, the exhibition includes 
a very representative collection of aero 
which are shown by nine manufacturers. There 
are no startling innovations such as were usually 
to be found in the earlier exhibitions, the majority 
of the models shown being types developed and 
perfected during the course of the war. Most 
manufacturers appear to have contented themselves 
with improvement in detail, or by increasing the size 
of units, and a noticeable feature is that greater 
reliability is now sought for rather than reduction 
in weight. Water-cooled engines of the motor-car 
type are more in evidence than other types, but a 
number of air-cooled engines, both of the rotary 
and fixed radial types, are also shown, and there is 
one four-cylinder air-cooled engine of the motor-car 
type. This was referred to near the conclusion of 
our last week’s article on page 79 ante and, as 
there stated, it is placed with its crankshaft vertical 
and with the cylinder heads in the slip stream of the 
air screw. Although there is a marked tendency to 
increase the size of units, there also appears to be a 
demand for a small air-cooled engine of from 30 hp.. 
to 50 h.p. for light single-seater machines intended 
for private users, and one or two makers are show- 
ing models designed to meet this demand. 

The 450 h.p. engine exhibited by Messrs. D. 
Napier and Son, Limited, 14, New Burlington- 
street, London, W. 1, unfortunately, was not pro- 
dneed in sufficient quantities to render much 
service to the country during the war. It has, 
however, acquired an excellent reputation since the 
signing of the Armistice, having been used, for 
instance, in an altitude record flight in which a 
height of 30,500 ft. was reached at Martlesham 
Heath in January of last year. This flight, we may 
remind our readers, was made by Capt, Lang in a 
D.H. 9 aeroplane ing an observer as well as 
the pilot. The total weight of the machine was 
3,440 lb. and the height of 30,500 ft. was reached 
in 68 minutes. It should, however, be pointed out 
that the figure mentioned was that indicated by the 
aneroid, and that the true height above the ground 
reached was 27,350 ft. We reproduce drawings and 
photographs of the engine on Plates XIV and XV 
which accompany this issue, and one of the Claudel- 
Hobson carburettors used with it is illustrated on 
page, 107. Its clean and compact appearance will 
be noticed from the side and rear views given in 
Figs. 13 and 14,0n Plate XIV, but the property of 
compactness will perhaps be more evident when 
we mention that the overall dimensions are: | 
4 ft. 10 in.; width, 3 ft. 6 in.; and height, 3 ft. 
The twelve cylinders, it will be seen, are arranged 
in. three groups of four each with an angle of 60 deg. 
between them after the manner of an inverted broad 
arrow, and this feature of the design, of course, 
enables the length to be reduced in comparison 
with an ordinary V-type engine of the same output. 

The weight of the engine dry, complete with 
reduction gear, propeller boss, carburettors, and 
induction pipes, is 850 lb., which works out, at 
1-89 lb. per horse-power at the anormal speed of 
2,000 r.p.m. The construction of the engine is well 
shown in Figs. 15. and 16 on Plate XV, Fig. 15 
being @ longitudinal section through the. middle 
group of cylinders and Fig. 16 a complete transverse 
section. The oylinders, which have a diameter of 
5}in. with a piston stroke of 5} in., are steel forgings, 
machined all over and fitted with steel water 
jackets. A detachable cylinder head of aluminium 


containing the inlet and exhaust passages, 
supporting the valve operating mechanism, is fitted 
to each cylinder as shown in transverse section, 


Fig. 16. There are two inlet and two exhaust valves 


to each cylinder operated directly by two overhead : 





camshafts, the latter being driven through bevel 
by vertical and inclined shafts from the 
crankshaft ; the method of driving the vertical shafts 
is shown on the right of Fig. 15. _The whole of the 
valve mechanism, it may be added, is enclosed in 
detachable oil-tight aluminium covers, one of which 
is fitted to each group of cylinders. The pistons, of 
which sections are given in both Figs. 15 and 16, 
are of aluminium alloy, and are fitted with two gas 
and two scraper rings. The gudgeon pin, and the 
method of securing it, are shown in Fig. 15. 

The connecting rods are machined from the solid, 
and the master rods, which are connected to the 
pistons of the vertical cylinders, have lugs formed on 
the big ends carrying the pins on which the connect- 
ing rods of the inclined cylinders work. The erank- 
shaft is machined from a steel forging with lightening 
holes in the crankpins andjournals, and all the throws 
are in one plane as shown in Fig. 15. It runs in 


the forward end. 
crankshaft through a spur reduction gear seen on 
the left of Fig. 15 having a gear ratio of 1; 1-52, 
so that, as the crankshaft runs at 2,000 r.p.m., the 


8 of the propeller is 1,320 r.p.m, Re ogg 
Tet to conch enlaee only one of 
which is shown in Fig. 15, and a double ball thrust 
bearing is fitted to take the thrust in either direc- 
tion; the propeller boss used is the No, 4 Air 
Board standard design. The crankcase is an alu- 
minium casting suitably stiffened and provided with 


lugs, visible in Fig. 16, for mounting the engine on 
gd es.. The front end of tap caldninae covers 
the reduction gearing, and to the rear end is attached 
the casing covering the pumps and the drive for the 
camshaft, magnetos and water pump. The latter 
is of the centrifugal type and is shown in the 
bottom right-hand corner of Fig. 15, which also 
shows the method of driving it. Water is delivered 
through a separate outlet to each of the three 
cylinder blocks, the piping for this purpose bei 
visible in the rear view, Fig. 14. Two suction and 
one pressure oil pumps are fitted, the former for 
draining the crankcase sump and the latter drawing 
oil from the supply tank, through a filter, and 
supplying it to the big ends,.gudgeon pins, cam- 
shaft bearings, and also to the plain bearing on the 
forward end of the crankshaft. The reduction gears 
are lubricated by a jet of oil directed on to the 
teeth just in front of the point of contact. 
Ignition is by two e of British 
Thomson-Houston Company's manufacture, which 
supply two plugs in each ¢ — Two Claudel- 
Hobson carburettors, one dou and the other 
single, are fitted and drawings of the latter are 
reproduced in Figs. 17, 18 and 19 on 107. 
The double carburettor supplies. the and 
vertical cylinder blocks and the car 
which can be seen on the right of Fig. 13, 
the starboard cylinder. block. Water- 
induction pipes are bolted to the of 
cast aluminium induction manifolds on the cyli 
heads, and the carburettors are carried the 
induction pipes and are also stayed to the 
The carburettors themselves are also fitted with 


ength, | hot-water jackets, as is most clearly shown in the 


longitudinal section Fig. 19. Petrol enters the 
carburettor through a connection at the bottom 
right-hand corner of this illustration, passing into a 
chamber containing a hemispherical filter 
and thence into the float chamber t the 
usual needle valve. From the float chamber the 
petrol flows into a special form of jet termed a 
diffuser. This comprises a small central tube which 
forms the pilot jet, which is used for slow running 
with the throttle practically closed, i.e., rotated in 
an anti-clockwise direction from the shown 
in Fig. 19. The action of the main jet is as follows : 

the petrol rises in the annular space surrounding the 
pilot jet and flows into the adjacent annular space 
through a number of small holes in the intervening 
tube. Surrounding last-mentioned space is a solid 
tube, and outside the whole is another tube with 
holes near its lower end. When the throttle is 
opened air passes through these holes up the outer 


and| annular space and down the next annular space, 


forcing the petrol through the holes in the inner 
wall of this space so that it passes, with the air into 
the space surrounding the pilot jet, and finally 
emerges through the upwardly inclined holes shown 


}driving wheel. 


near the tip of the jet. In its passage through 
the diffuser the petrol, as can easily be imagined, 
is broken up and intimately mixed with the 
air, so that it emerges in a finely divided cloud- 
like form and is immediately carried away by 
the main current of air through the throat. The 
altitude compensation provided is of the Claudel 
vacuum control type, and is effected by adjusting 
a valve fitted in a passage connecting the throat 
with the upper part of the float chamber, as shown 
in Fig. 19. All Napier engines are now fitted with 
hand turning gear for starting, which, however, is 
not shown in the longitudinal section Fig. 15. This 
gear includes a hand-operated air pump, petrol 
vapouriser, air distributing cock and simple 
mechanism for opening the valves on each block of 
cylinders by hand. By this means explosive 
mixture is pumped into the cylinders, and the 
mixture is then ignited by a hand-operated starting 
magneto, the current from which is distributed 
through special distributor rotors on the engine 
magnetos. The fuel consumption is given as +48 lb. 
and the oil consumption as -020 lb., both per 
brake horse-power hour at full load. 

Messrs, W. Beardmore and Co., Limited, of 
Dalmuir, exhibit one of their 160 h.p. engines, 
which is sufficiently well known to need little or no 
description at the present time. We may, however, 
remind our readers that it has six vertical cylinders 
142 mm. in diameter, with a piston stroke of 
175 mm., and that its normal speed is 1,200 r.p.m., 
The valves are placed in the cylinder heads and are 
operated by push rods and overhead rockers. Its 
petrol consumption is given as -6 pint per brake 
horse-power hour, and the consumption of lubricat- 
ing oil as +028 pint per brake horse-power hour. 
The weight of the engine, including propeller boss, 
water and oil pumps, piping, carburettors, magnetos 
and wiring, but without oil, fuel and water, is 
598 lb., which is equivalent to 3-74 lb. per horse- 
power. The interesting feature of the engine 
shown is, however, a new and simple starting 
device, which consists of three essential parts: a 
hand-operated' magneto, a petrol pump and 
mechanism for turning the enginé by hand. In 
operation a small quantity of petrol is injected by 
the pump into each of the six inlet valve pockets 
of the engine, and the engine is turned by the hand 
gear to draw in and compress the charges. The 
hand magneto is then turned to ignite the mixture 
thus starting the engine, which then functions on 
the carburettor in the usual way. It should, how- 
ever, be mentioned that the quantity of petrol in- 
jected into the inlet pockets is sufficient to run the 

for several revolutions until it “‘ picks up” 
to.run on the carburettor. The gear 
for turning the engine is located on the rear of the 
camshaft, and it consists of a flange, on which 
clutch teeth are cut, bolted on to the camshaft 
Tn fitting it, the usual casing for the 
timing gear is removed and replaced by a casing 
a@ worm and worm wheel. Inside the latter 
is a part having clutch teeth formed on it 
to engage with those formed on the flange fixed to 
the camshaft ps wheel. The sliding part is 
normally held out of engagement by a spring-con- 
trolled lever, but it can be brought into engagement 
wy cpereting Le lever from the pilot’s cockpit. 
turning from the cockpit a chain, 
or other form <a is connected = worm 
shaft, thus enabling the engine to be started by the 
pilot without leaving his seat. 

Armstrong-Siddeley Motors, Limited, of Coventry 
show examples of their productions which now 
inciude three air-cooled engines in addition to the 
well known “Puma” and “Tiger” engines, of 
which very large numbers were constructed during 
the war. he Siddeley “Puma” engine, which is 
the standard six-cylinder engine of the Royal Air 
Force, has the cylinders arranged vertically in a 
straight line and in two blocks of three each, steel 
barrels being screwed. into a common aluminium 
head to form each block. There are two exhaust 
valves and one inlet valve to each cylinder head 
and the valves are operated by an overhead cam- 
shaft. The cylinders are 145 mm. in diameter and 
the piston stroke is 190 mm., the engine developing 
246 brake horse-power when running at the normal 
speed of 1,400 revolutions, per minute. At this 





speed, the petrol consumption of the engine. is 
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17 gallons per hour, or -55 pint per brake horse- 
power hour, and. the consumption of lubricating oil 
is 10. pints per hour which is equivalent to about 
-04 pint per brake horse-power hour. Lubrication 
is effected by a double pump, one part of which 
ape oil to the crankshaft bearings, while the 
other part draws oil from the sump and returns it 
to the tank. The weight of the engine dry, but 
including ignition apparatus and propeller boss, is 
636 Ib.; or 2-59 Ib. per horse power, and its overall 
dimensions are: length, 5 ft. 10 in.; height, 
3 ft. 5in. and width, 2ft. Thecylinder construction 
of the “Tiger” engine is similar to that above- 
mentioned in connection with the “‘Puma,” but the 
former has a total of 12 arranged in two lines of 6 
each with an angle of 60 deg. between them. The 
cylinders are 160 mm. in diameter and the stroke 
is 180 mm., but this engine develops 500. brake 
horse-power at 1,500 revolutions per minute, and 
it is fitted with a reduction gear, through which the 
propeller is driven at 833 revolutions per minute. 
The lubrication system also differs from that of the 
‘““Puma,” oil being supplied by a main pump to a 
triple distributing pump which feeds three main 





bearings of the crankshaft. The oil then passes to 


inlet and one exhaust valve are provided for each 
cylinder. Roller bearings are used for the crankshaft 
and all other bearings are either of the ball or roller 
type. Lubrication is effected by a double oil 
pump which supplies oil to one end of the crank-case 
and withdraws it from the same end after it has 
circulated to the other end and back again. Dual 
ignition, by means of a magneto and a Remy ignition 
ays fitted, and these, as well as all other acces- 
sories, are mounted on the front of the so that 
pa teyren df be es vane ng the en- 
gine. A distributor is fit engine 

means of compressed air, and a mart 


built up in five sections is su The engine is 
supported by four feet from the back of 
the crank-case, and its length from back to front is 
2 ft. 94 in. ; the diameter overall is 3 ft.6in. The 
petrol consumption comes out at -55 pint per brake 
horse-power hour and the oil consum to -065 per 
brake horse-power hour, while the total weight of 
the engine is 390 lb., which is equivalent to 2-6 Ib. 
per horse-power. The 300 h.p. engine is almost 
identical in design with the 150 h.p. engine, and is 
practically two of the latter placed one in front of the 
other. Itis, however, supported on seven feet instead 
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the crankpins and back through the four remaining 
bearings of the crankshaft to the sump, from which 
itis drawn by two return pumps, one fitted at. each 
end of the crank-case. An electric motor mounted 
on the crank-case is used for starting the engine. At 
normal speed the consumption of petrol and lubricat- 
ing oil are given as 35 gallons and 2} gallons per 
hour, respectively, which work out to +56 pint and 
‘04 pint per horse-power hour, and the total weight 
of the engine dry is 1,600 lb. or 3.2 Ib.per horse- 
power. Its overall dimensions are: length, 
6 ft. 10 in. ; height, 3 ft. 4in., and width, 2 ft. 10in. 

The above-mentioned engines are both water- 
cooled, while the three remaining exhibits are 
all of air-cooled engines. Two of the latter are of the 
fixed radial type, one developing 300 h.p, and the 
other 150 h.p., while the third is a small engine with 
twin opposed cylinders rated at 45 h.p. though it can 
actually develop over 50 h.p. The last mentioned 
engine is intended for use in small single-seater 
machines where simplicity and low running costs are 
of more importance than very high speed. Thetwo 
cylinders are each 5 in. in diameter and the stroke 
is also 5 in., while the normal speed is 1,600 revolu- 
tions per minute. The petrol consumption is .35 
gallon per hour, the oil consumption 2-5 pints 
per hour, the former being equivalent to -62 pint 
per horse-power hour and the latter to +065. pint 
per horse-power hour. The weight of the engine, in- 
cluding ignition system and propeller boss, is 170Ib. 
or 3.78 lb. per horse-power. The 150 h.p. radial 
engine has seven cylinders of the same dimensions 
as those of the twin engine and its normal speed is 
1,600 revolutions per minute. The cylinders are} 
composed of steel barrels screwed into aluminium 
heads and they are fixed to the crank-case in such 
@ manner that they can be easily detached ; one 











“ 


composed 
of 


of four, and the ring exhaust manifold is 
of six sections instead of five. The di 

course, the same as that mentioned above for the 
160 h.p. engine, but the overall length is increased 


to 3 ft. 5 in. As would be expected, the petrol 
consumption is the same for both engines, but the 
oil c mption, for some reason that we are unable 
to explain, is larger for the 300 h.p, engine and comes 
out at -06 pint per brake horse-power hour. The 
weight per horse-power is noticeably less for the 
larger engine, being 2-26 lb. as com with 
2-6 1b., the figure given above for the smaller ©; 
the total weight of the 300 h.p. engine dry is 680 Ib. 
but this figure includes the dual ignition gear and 
the propeller boss. 

In addition to the Bristol aeroplanes illustrated 
and described in our last issue on page 75 ante, the 
Bristol Aeroplane Company, Limited, of Filton 
House, Bristol, have another stand on which ‘are 
shown two radial air-cooled the patents, 
designs and manufacturing rights of which they 
have recently acquired from the Cosmos sri 
Company, Limited, also of Bristol. One of these 
engines, which will in future be known as the Bristol 
“‘ Jupiter,” has nine cylinders of 5j-in. bi 
74-in. stroke arranged in one plane. It is } 
two types, one with an epicyelic 
having 4 ratio of 1: -656, and the other 
airscrew directly. With the reduction , 

ine can run at 2,000 revolutions per 







the 
ute and 
develop 500 brake horse-power, while the airserew 
rotates at 1,300 revolutions per minute. The 
geared engine, which also develops 500 b 


horse-power weighs only 698 Ib., including carb’ 
tors, magnetos and propeller hub, but without the 
electrical starter and exhaust pipes. Both engines are, 
however, conservatively rated for a maximum output 


‘and | reduction gear 


Messrs, Gwynne’s 


of 450 horse-power, and, on this rating, the weight 
per horse power comes out at 1-551 Ib., which is, 
we believe, the lowest figure yet attained. With 
the reduction gear the engine weighs 805 lb. and 
the weight per horse power is then 1-79 }b. 

The cylinders and fins are turned from solid-steel 


‘to each valve. The exhaust 
is also conducted away through two separate heads, 
the whole arrangement, it is claimed, ensuring an 
easy flow of mixture to the cylinders and a free 
of air over the cylinder heads. The crank- 
case is an aluminium ante Ports , jointed in 
r by nine | 
also wal tee givunting tis 
The back of the crank-case 


the magnetos, oil pumps and other accessories, and 
an annular one fitted over the induction chamber, 
which is one of the special features of the engine. 
This chamber is annular and of circular cross- 
section, and it contains an aluminium casting in a 
form of a three-start helice. The interior of thé 
chamber is machined all over and the edges of the 
helical casting are also machined to fit the chamber 
fairly closely. Three separate helical passages are 
thus formed in the chamber, and each passage is 
connected to three induction pipes and one carburet- 
tor, three of the latter being used with each engine. 
The arrangement provides an easy path for the 
mixture, and also isolates the cylinders into three 
groupe so that, if any one cylinder or carburettor 
ails the engine will function perfectly on the re- 
maining six cylinders, though, of course, at reduced 
power. 

Another interesting feature of the engine is the 
method adopted for reducing the load on the big end 
bearing, which tends to become excessive in engitad 
of this type. The bearing pressure is due mainly 
to the inertia and centrifugal forces which are always 
greater than the pressures due to the explosions. 
The latter, in fact, tend to reduce the ing pres- 
sure, but as, at great altitudes, the explosions get 
weaker while the inertia and centrifuga] forces 
remain constant, the bearing becomes 
Re Ren, Ste comme. It w be possible to 

uce the pressure by lengthening the bearing, but 
there are obvious objections to this course, and in 
the ‘‘ Jupiter’’ engine the difficulty is surmounted 
by the employment of bob hy 6; § Two of ‘. 
weights are suspended from t. ig end of 
master rod, so that they lie with, and close 
to, the crankshaft webs and main balance weights. 
At their outer ends the bob weights are connected 
to the balance weights by means of a slotted and 
hardened die, so that they are forced to rotate with 
the crankshaft, but are free to exert a pull radially 
outwards. This pull acting on the master rod in the 
opposite direction to the main inertia and centri- 
fugal forces helps to neutralise the latter, and so 
reduces the load on the big end bearing. The 
petrol consumption of the engine when running at 
1,650 revolutions per minute, and developing 400 
horse-power, is 222-8 Ib. hour or -557 Ib. per 


horse-power hour, The shown by the 
Bristol Company is known as the “* Lucifer,” 
and has three radial arranged in the form 


of an inverted Y. ‘cylinders are similar in 
design and construction to those of the “ Jupiter” 
engine and have the same diameter, but the piston 
only 6} in. instead of 7} in. The engine is 

power, it is guaranteed 
100 horse-power at 1,600 rpm. No 
fitted on this engine, and it is not 
provided with helical induction chamber or 
bob te for reducing the bearing pressure. 

t is 300 Ib. 


to- dev 


ee 


London, W.6, who turned ont 
numbers during the war. The 
udes one of the well-known B.R,2 


speed of 1,300 r.p.m. and develops about 230 h.p. 
at that speed. The weight of this engine complete 
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engine, viz., 54 pint per brake horse-power hour. 
We now come to the “ Sikh ’ engines, two of which 
are exhibited—one a six-cylinder vertical model 
developing 400-450 h.p. and the other a 12-cylinder 
Vee-type engine with an output twice as great. 
Half-tone engravings of the latter engine are given 
in Figs. 20 and 21 on page 108. In this engine, 
which is suitable for airships or large aeroplanes 
and seaplanes, the 12 separate cylinders are of steel, 
machined: all over, the bore being 180 mm. and the 
piston stroke 210 mm. They are mounted on the 
crank-case in two rows of six each with an angle of 
60 deg. between them, and any one can be easily 
removed without affecting the timing of the engine. 
Three inlet and three exhaust valves, of the overhead 
type, are provided foreach cylinder, the valves being 
actuated by push-rods and rockers from a single 
central camshaft placed in the fork of the Vee 
and driven by gearing from the crankshaft. The 
general arrangement of the valves and the valve 
operating mechanism can easily be followed by 
examining the engravings, Figs. 20 and 21, but it 
should be mentioned that the camshaft can be 
withdrawn clear of the engine by merely removing 
the cover shown immediately below the oul-pressure 
gauges in Fig. 21. The crankshaft runs in eight 
die-cast white-metal bearings lubricated as men- 
tioned above when dealing with the engines 
generally. Its normal speed, when developing 
850 h.p., is 1,400 revolutions per minute, but the 
propeller is driven through spur reduction gearing 
at 920 revolutions per minute. Four 12-cylinder 
magnetos are provided, driven by skew gearing 
and fitted with vernier type couplings, which permit 
of very fine adjustment. The weight of the engine 
is 1,952 lb. complete, but without fuel, oil or water, 
so that the weight per horse-power is 2-3 Ib. when 
developing 850 h.p. In the 6-cylinder 400-450 h.p. 
engine the design of the cylinders, and the arrange- 
ment of the valve and valve-operating gear, is, 
generally, similar to that of the 12-cylinder engine, 
but, in the former, the reduction-gear for the pro- 
peller shaft is omitted and the normal speed 
of both crankshaft and propeller is 1,400 revolu- 
tions per minute. The smaller engine is particularly 
suitable for airship work, for which purpose it has, 
been specially designed. The Sunbeam exhibit 
is excellent in every way and our only unfavourable 
comment on it is quite a minor point, and one which 
applies equally to several other engine makers. It 
is that we question the desirability of retaining a 
‘“* fancy ” name for each design. The practice was 
introduced during the war, we believe, for the 
purpose of enabling conversation and correspond- 
ence relating to the various engines to be conducted 
without conveying much information to the un- 
initiated. The need for secrecy having now ceased 
to exist we think the fancy names might now be 
dropped, and that an engine would be sufficiently 
distinguished by giving only its horse-power and 
maker’s name. At least one maker has already 
adopted this course, the engine described above as 
the 450 h.p. Napier engine, being originally known 
as the “ Lion ’’ engine. 

We reproduce on page 118 photographs of two 
engines shown on the stand of Messrs. Rolls- 
Royce, Limited, 14 and 15, Conduit-street, London, 
W. 1. The larger engine, Fig. 22, is the latest 
development in aero-engine design, and is being 
manufactured at the request of the Government to 
supply the demand for a reliable engine of high 
power suitable for use on the large and heavy 
machines now contemplated. This engine, which 
is known as the “ Condor,”’ is of the Vee type with 
12 cylinders developing a total of 600 h.p. Technical 
data of the engine would, of course, be extremely 
interesting to engineers, but unfortunately they are 
not available for publication. The firm also show 
their 360 h.p. “ Eagle ” engine with which several 
epoch-making flights have been achieved. Of these 


Bristol Fighters used it—1,364 out of 





1,524 to be exact, were equipped with Falcon 
engines. These engines are of the 12-cylinder V- 
type and develop 275 h.p. The smallest Rolls- 
Royce aero engine made is known as the “‘ Hawk,” 
a number of which were installed on airships engaged 
on coast defence and submarine spotting work from 
the commencement of 1918 to the termination of 
hostilities. This engine, which is illustrated in 
Fig. 23 on page 118, is of the: 6-cylinder vertical 
type and it develops 100 h.p. Several flights of 
exceptional duration were accomplished with it, 
one flight extending over 50 hours 55 minutes. 

A very interesting exhibit shown is the Zeitlin 
variable-stroke engine, but we must defer our 
account of this and of the remaining exhibits of 
materials and accessories, to our next issue. The 
exhibition closed on Tuesday last. 


(To be continued.) 





TUNGSTEN AND THE COOLIDGE 
X-RAY BULBS. 

ENGINEERS will hardly have regretted that Dr. 
W. D. Coolidge, of Schenectady, when ad i 
the Réntgen Society on July 15, did not make 
X-rays as applied to medical science his particular 
subject as he had intended. His story began with 
the manufacture of ductile tungsten, and as he took 
up the thread, where others generally leave it, 
i.e., at the reduction of the tungstate to a fine 
metallic powder, his two hours’ talk, from 9 to 11 p.m. 
kept his hearers deeply interested in matters, the 
elucidation of which they had perhaps not attributed 
to the inventor of the Coolidge X-ray bulb. Dr. 
Coolidge himself, we should say, spoke of the 
X-ray “tube.” It is the almost universal custom, 

ttable nevertheless, for we have enough 
“tubes” otherwise, and the term tube certainly 
did not originally indicate some apparatus con- 
tained in a bulbular enclosure. 

In the research laboratory of the General Electric 
Company at Schenectady, tungsten is produced 
as elsewhere mainly from wolframite, which is a 
double tungstate of iron and ese and thus 
a natural compound of the iron tungstate ferberite, 
FeWO,, and the manganese tungstate hiibnerite, 
Mn WO,. All tungsten ores are associated with 
other ores and contain many impurities in addition. 
They are fused with soda to obtain the soluble 
sodium tungstate, known in Nature as scheelite, 
from which the yellow acid trioxide, WO,, is pre- 
cipitated by hydrochloric acid ; this oxide is then 
reduced by means of hydrogen, and there the de- 
scription generally ends.* The purification has 
to be completed on the trioxide ; the metal, as first 
obtained, is very brittle, and as it melts above 
3,000 deg. C.—having probably the highest melting- 
point as well as the lowest vapour pressure of all 
the metals—it cannot be cast in crucibles, for all 
fire clays would melt or vaporise before the tung- 
sten, and if we could get an ingot, we could hardly 
work it. At Schenectady, Mr. Coolidge stated, 
the oxide is reduced in porcelain tubes wound 
with platinum. A tube taking a charge of 1 Ib. 
of oxide requires 400 dollars worth of platinum, 
which became a serious matter during the war. 
The fineness of the powder and the rate of feed of 
the purified hydrogen and other features are impor- 
tant factors, which were determined by experiments 
in hundreds of furnaces. The temperature is slowly 
raised in eight hours to a definite maximum, and 
the hydrogen flow is maintained during cooling. 
The metallic powder obtained is compressed in steel 
moulds without any binding agent. 

It does not appear that thoria is added to the 
tungsten at Schenectady. We referred to this 
practice and to the production of very long crystals 
in the tungsten wire in our issue of August 31, 1917. 
The metal sticks are too weak to be picked up; 
they are delivered on molybdenum slabs and fired 
with these at 1,600 deg. C. in porcelain tubes. The 
square rods shrink and harden sufficiently to be 


-| clamped between heavy water-cooled copper jaws 


so that direct currents of 10,000 amperes at 100 volts 
can be sent through the vertical rod; to allow 
for the contraction, the lower jaws float on mer- 





* For articles on the T Works at Widnes, 
Tungsten Alloys and Tungsten Steels, see ENGINEERING, 
1917, vol. civ, pages 214, 232, 434, 567 and 697. 


cury, and a hood is lowered over the devices. The 
heating can thus take place in a hydrogen atmo- 
sphere. Dr. Coolidge showed one of these bars, 
originally about 1 in. square; it was shrunk to 
} in. and also somewhat twisted (probably by the 
asymmetric magnetic field), dull whitish grey, and 
would break if dropped, he said. The bar is after- 
wards swaged, again in hydrogen-filled furnaces, 
between hammers which are rotating pairs of steel 
dies, each pair reducing the diameter up to 10 per 
cent., until the rod thickness is reduced to that 
of a lead pencil. These rods are finally drawn 
through diamond dies, both wire and die being hot, 
to the finest almost invisible wire; the density 
of the compact tungsten is 19-7. Rods are also 
rolled out hot into flat bars. Any crack is fatal, 
as welding is impossible. 

So far the metallurgical processes had been 
worked out for the lamp industry. For the X-ray 
tubes, discs (buttons) were punched out of the 
bars, heated by the oxy-hydrogen flame, to serve 
as bulb targets, and there trouble arose about the 
solderjng of the button to or into the stout copper 
electrode. This was first accomplished by depositing 
a film of electrolytic copper on the tungsten button, 
soldering this film in hydrogen to sheet iron and 
silver-soldering the iron to the electrode lump of 
copper. But the thermal contact was imperfect and 
the tunsgten was apt to crack, copper then fused 
into the crack and evaporating spoiled the bulb. 
They found subsequently that tungsten and copper 
could directly be soldered if well cleaned of all 
oxide by the aid of boron carbide or suboxide. The 
process is carried out in a graphite crucible; the 
button is placed on the slanting face of a piece 
of graphite and held in position by two molybdenum 
pins. The copper is rested on the button, and the 
whole heated in a vacuum furnace until the copper 
fuses; the pins remain in the target. The targets 
thus obtained proved superior to platinum targets. 
Massive tungsten targets are produced by grinding 
the stout metal bars with carborundum wheels 
and breaking off the part. 

In his further remarks Dr. Coolidge referred to 
the researches which led to the substitution of the 
Lhigh vacuum bulb with specially-heated tu 
spiral to generate a stream of electrons, for the old 
gas-tube in which the positive ions of the residual 
gas bombard the cathode. Of his own share in 
this work Dr. Coolidge did not speak at all. It was 
always “ we,’’ never “I,”’ and the only one of his 
colleagues whom he singled out was Irving Lang- 
muir. The latter observed that in the presence of 
nitrogen and oxygen—even of inert in fact— 
tungsten is volatilised and driven with the gas into 
the glass of the bulb, and he developed the Gaeede 
molecular mercury pump for the high evacuation 
of the bulb. Langmuir also found that the 
electron-emission from hot tungsten is very variable 
in the presence of any gases. But Coolidge himself 
studied and developed the bulb which justly bears 
his name. Having learnt a great deal from the 
behaviour of his “ crankiest’’ gas bulb, containing 
two entirely equal electrodes both of solid tungsten, 
which would only run when the anode was hot, and 
would not run at all when the vacuum was high, he 
placed a specially heated-spiral (a kind of Edison- 
Wehnelk cathode) as electron-generator behind the 
perforated cathode proper, and he studied the 
effects of various constructions and dispositions of 
his electrodes and bulbs with the aid of a Campbell- 
Swinton camera. This is a lead box 
enclosing the photographic plate; a hole, 0-03 in. 
in diameter is made in the front wall, before which 
the bulb is placed, so that every radiating 
pho phs iteelf. They found that the whole 
cath as well as the internal glass wall, was 
radiating, and not only the focal spot, though that 
spot fortunately radiates nine times as strongly as 
any other part, and that it was possible to deflect the 
electrons by electrostatic repulsion so as to concen- 
trate the radiation. Dr. Coolidge showed by many 
slides that only with over-exposure the definition 
of the radiographs should suffer from this cause, 
and it was very interesting to see how he had in- 
vestigated these problems by placing perforated 
hoods of molybdenum, or diaphragm screens of 
molybdenum over and near the electrodes, and by 
fitting a readjustable focussing device over the 
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cathode changed its position by shaking the bulb. 
As troubles of the bulb-maker, Dr. 
Coolidge remarked that before the war the bulbs 
had come from Germany. When the war deprived 
them of their glass blowers they devised moulding 
machinery working with rotating chucks and com- 
pressed air. In driving the occluded gases out of 
the metal parts they observed that one hour’s 
pumping was saved by first firing all the metal 
parts in a quartz-tube vacuum furnace, even if the 
metal were afterwards to lie in the air for days 
and weeks. Exhaustion is effected by means of 
liquid air and of a mercury vapour pump working 
in series with three rough pumps, the whole vessel 
being inside an oven at the highest temperature 
that the glass will bear without collapsing. The 
liquid air cost them as much as milk, the breakage 
of the vacuum flask a great deal more. While the 
bulb is still in the oven a lead hood is dropped 
over the whole so that the operator can test the bulb 
under rays without risk to himself, with the anode 
hot, on a 10-in. spark circuit. Some of the new 
forms of tubes which Dr. Coolidge exhibited almost 
deserved their name of tubes, the bulbular expan- 
sion being only 2 in. or less in diameter. The 
slightly brownish very stout glass—apart from the 
window for the rays—contains 55 per cent. of lead 
and is almost impermeable to the rays. A new port- 
able outfit weighs 125 lb. and contains bulb, stand 
and rotary transformer in one box. Noteworthy 
are also the novel oil-immersed bulbs, all enclosed 
in a hermetically-sealed'metal case which is earthed 
and provided with air chambers for the oil ex- 
pansion. A final remark by Dr. Coolidge rather 
puts a damper on this record of successes. It has 
more or less been believed that a really constant 
potential would give us the much desired homo- 
geneous X-rays all of the same wave-lengths; the 
recent researches of Falk do not confirm this 
assumption. 

A few words in conclusion on the research labora- 
tory at Schenectady. The laboratory was started in 
1892, Dr. Coolidge said, by Dr. W. R. Whitney, 
who was himself chemist, physicist, glass blower 
and mechanician. At present 250 workers, com- 
prising sixty college-trained men, had five stories 
of a big seven-story building at their disposal. 
There was little system in the work, and a good deal 
of freedom. One type of men might be said to 
think out the plan; the others tried what they 
thought of; as a rule a man did not get what he 
was after, but he got something, and every man 
might learn what the others were doing. It was 
not a closed-compartment system in which one man 
alone knew what was going on. 





RECENT EXCAVATOR PRACTICE.* 
By F. H. Urvens and W. Barnzs, of Lincoln, Members. 


MvocE pro has been made with the steam excava- 
tor, commonly known as the steam navvy, since the last 
meeting of this Institution at Lincoln, in 1885, when a 

per was read on the ‘Dunbar and Ruston Steam 
Navvy.” Up to @ comparatively recent date, con- 
tractors had practically a monopoly in the use of these 
machines for public works such as railways, canals, and 
docks, but now more excavators are used in 0 mines 
and quarries, in more or less permanent situations, than 
for contract work. The change is Rah sy to the 
difficulties of the quarry owner as labour and 
the necessity for keeping costs down under present-day 


competition, but also to the introduction of machines 
more applicable to his special working conditions, 
It is the purpose of paper to illustrate and describe 


some of the most interesting machines introduced within 
the last eight or ten years. No amount of descriptive 
matter can, however, give as an idea of the possi- 
bilities of these machines as labour-savers and of the 
ease and speed with which they can be handled, as the 
inspection of them in actual work. 
he original steam navvy, which was pete of swing- 
ing or slewing its excavating gear through a little more 
alf a circle, been now cisplaced to a large 
extent by the full circle machine, commonly known as 


the steam-crane navvy, and developments of this latter 
general user find so 


type are what the quarry owner 
useful for their work. 

The size of machine most suitable for various workings 
is governed c! by :-— 

eS) The nature of material, and 

6) The output required per day. { 
e former will determine the minimum cutting effort 

to be used. For example :— 

4 tons to 6 tons is suitable for material up to clay of 
medium hardness. 


* Paper read the Institution of Mechanical 
Engineers 





before 
at Lincoln, July 20, 1920. 





8 tons to 10 tons is suitable for stiff clay. 

12 tons. to 20 tons is suitable for boulder clay. 

20 tons to 30 tons is suitable for heavier material, such 
as limestone and heavy iron-ore. 

The output depends also upon the size of the bucket, 
which again is governed by the nature of the material to 


cubic 
and 8d. 


This ‘ts a cost of approximately 14d. 
ard for the maximum output of easy materi 
or the heavy material. 

Fig. 1 shows various positions of the bucket. A is 

the position of the bucket when it is racked in to the 
minimum disc ing point; B is the extreme cutting 





be excavated; thus a machine having 6 tons cutting 
effort is most efficient when fitted with a bucket of } to 
l cubic yard capacity ; if 12 tons, then the bucket should 
hold from 1} to 2 cubic yards; and if 20 tons, from 2} 
to 3} cubic yards, to give approximate examples. 

The machine shown in Fig. 1 and Fig. 2 is the type 
and size of machines in most general use, and is also 
interesting from the modifications which can be made 
in it to meet various conditions of working. Its weight 
is 55 tons net or 62 tons in working order. With the 
length of jib shown, the machine has sufficient stability 
for 20 tons cutting effort on the bucket teeth, or, if used 
as a crane, it will lift a load of 20 tons. 

It is a with a bucket of 2} or 3} cubic yards 
capacity, om renewable mild steel lip-plate carrying 
steel teeth with renewable points of manganese steel. 
The main frame has the travelling gear on the under- 
side, whilst the top face or platform carries a combined 
gear-ring and roller path, upon which the whole upper 
structure and excavating gear revolves. Two sets of 
travelling wheels are fitted, one set to standard gauge, 
usually 4 ft. 8} in., for use in moving the machine any 
considerable distance on a railway track; the other, a 
broad gauge set to carry the machine when excavating. 
Rollers on the underside of the bedplate support it upon 
the roller path on the main frame, whilst on it are 
mounted the necessary engine and gearing for digging 
slewing, and travelling. The front portion of the be : 

late carries the excavating gear, comprising the jib, 

ucket arm, and bucket. The bucket arm is fitted with 
long racks gearing into pinions driven from a set of small, 
self-contained engines fixed on the jib, which vary the 
cutting or discharging radius of the bucket, the bucket 
arm being racked in or out as desired. 

The digging motion is operated by a wire rope on a 
hoisting drum of a more or less conventional type driven 
through a friction clutch, actuated by a steam cylinder 
for easy and quick operating. The drum is loose upon 
the drum-shaft and, when free of the clutch, is under the 
driver’s control by means of a foot brake. 

The slewing motion is either driven from the main 
engines used for hoisting, through a set of reversing 
friction clutches, and the usual gearing, terminating 
in the gear-ring on the main frame, or by & separate set 
of engines which is a duplicate of those on the jib. 

The travelling motion is taken off the main engines 
through a train of gearing connected to bevel gears at 
the top of the centre post, the power being transmitted 
from these by a vertical shaft through the centre post 
to the gearing under the main frame. 

The complete cycle of operation is as follows :—At the 
commencement, the bucket hangs in a more or less 
vertical position, with the teeth resting upon the ground 
immediately opposite the ‘‘face’’ of the material to be 
removed (shown in position A, Fig. 3). The driver 
starts up the engines, and throws in the hoisting clutch. 
The backet is then dragged forward and upward into the 
face, and at the same time thrust out by means of the 
racks along the bucket arms until the required depth of 
cut is obtained, the action being almost like putting 
the feed on a machine tool. With one hand on the 
control lever of the main engines and the other on the 
control lever of the racking engines, the driver regulates 
the motion of the bucket as it is hoisted upwards towards 
the jib head, the path of cut being an arc struck from the 
suspension point of the bucket-arm upon the jib. By 
operating the hoisting and racking motions together, the 
driver can so control the depth of cut that, providing 
the material is of a uniform nature, an equal thickness of 
cut can be taken from the bottom to the top, and the 
bucket can be filled completely as the top of the cut is 
reached, as shown in position B, He then throws out 
the hoisting clutch, racks in the bucket clear of the 
working tm.e to position C, and holds the bucket up on 
the free drum by means of his brake. As soon as the 
bucket is clear of the face, the slewing motion is started 
up and the bucket is swung round over the wagon or 
dumping point. When he has reached the right position 
for dumping, he pulls a cord by his side which with- 
draws a catch on the bucket door, and the excavated 
contents of the bucket are discharged. The slewin 
motion is then reversed, and the bucket is swung bac 
towards the point in the face where the next cut is to be 
taken. By means of the foot-brake the bucket is then 
lowered to position D for the following cut, and a similar 
sequence of operations follows. The whole cycle of 
operations can ‘ormed in from 20 secs. to 60 secs., 
depending upon the size of the machine, but chiefly 
upon the length of the jib: In the navvy described, a 
cycle of operations takes from 25 secs. to 35 secs. 

The machine is capable of dealing with from :— 

120 cub. yards to 150 cub. y of ordinary soil or 
light gre Yad hour. i 

100 . yards to 120 cub. yards of stiff clay per hour. 

60 cub. yards to 100 cub. yards of ironstone per hour. 
. 60 cub. yards to 80 cub. yards of loose limestone per 

our. 
The following is a fair average of the working costs 
per cubic yards loaded into wagons :— 





Per hour. 

s. d, 

One driver ... 20 
One cranesman... 1.3 
One fireman = nal “es OR 
Four men around the machine ... au a © 
3 cwts. to 4 cwts. of coal... aad 5 6 
Oil and stores ed 0 9 





Total 





and discharging radius, whilst C shows the highest point 
to which the bucket can be hoisted ; this indicates the 
depth of cut which can be taken without undercutting 
the material. It is evident that there are certain condi- 
tions of working which are beyond the possibilities of 
B and C on the standard machine, but these can be met 
by increasing the lengths of the jib and bucket-arm, and 
corres er decreasing the cutting effort and the 
size of the bucket. ’ 

The depth of cut should preferably not. be greater 
than the height the bucket-teeth can reach. Anything 
above this has either to be blown down by explosives, 
broken down by hand labour, or allowed to take its chance 
of falling after it has been undercut by the machine. 
The first and second involve expense coupled with some 
difficulty and risk, whilst the last may be dangerous to 
the men working around or to the machine i 4 

To cope with extra depth, the machine shown in Fig. 4 
is provided with a much longer jib and bucket-arm to 
enable it to excavate a face 40 ft. deep without under- 
cutting. The ‘‘A” framing supporting the jib has 
been increased in height to reduce} the stresses in the jib 
and jib ties, but otherwise the machine is similar to the 
one illustrated and described under Figs. 1 and 2. 

a yates modification is the a steam 
navvy and grab, shown in Fig. 5. It is a dual purpose 
machine, and was designed and built to work in an iron- 
stone quarry from which the amount of ironstone re- 
quired was only sufficient to keep a steam navvy em- 
ployed rather less than half its time. Overlaying the 
ironstone was about 8 ft. of material which had to be 
taken off before the ironstone could be excavated, and 
the ition was that the same machine mighi be 
used to remove the cover or overburden and to dig 
theironstone. 

The jib of the steam navvy was therefore extended 
and fitted with a grab to enable it not only to have 
enough reach to lay bare a sufficient quantity of iron- 
stone, but to discharge the overburden on to the ground 
from which the ironstone had been removed. 

Two hositing drums are fitted to the main drum shaft, 
one for use with the steam navvy bucket, and the other 
for use with the grab. The same hoisting clutch and 
brake are common to both drums, and they are so 
arranged that either of the drums can be connected or 
disconnected at will. “When the grab is uired to 
remove the cover, the bucket is fastened back to the 
underside of the jib and the grabbing drum is connected 
to the hoisting clutch and brake. After sufficient cover 

been removed, as much, in fact, as the machine can 
reach, the grab is disconnected and the steam navvy 
drum is engaged. The machine then works as astandard 
steam navyy and can dig the stone which the grab has 
uncovered. 

Another useful modification is the machine shown in 
Fig. 6, which has an extended jib and bucket arm to 
enable the excavated material to be discharged 60 ft. 
from the centre of the machine as compared with the 
32 ft. of the standard machine shown in Fig. 1. This 
was specially designed for open-worked quarries in which 
the overburden had to be dumped from the bucket, back 
on to the ground from which the mineral had been re- 
moved. The machine stands upon the mineral, which in 
the illustration is ironstone, and will excavate ordinary 
soil or clay at the rate of 25 cub. yards to 50 cub. yards 
per hour. It is obvious that when the jib is lengthened 
to the extent described, the cutting effort upon the 
teeth must be considerably less than in the standard 
navvy, otherwise the machine will not be stable. The 
bucket must also be diminished correspondingly in size. 
Consequently the cutting power is reduced in this instance 
to 7 tons and the bucket has a capacity of 1} cub. yards. 

The discharging radius also governs the depth - cover 
the machine can deal with. This particular machine, 
with its 60 ft. discharging centres, will deal with from 
15 ft. to 20 ft. of cover. If it were required to remove 
& greater depth than this, a machine with a still longer 
reach must be used, and if heavier cover than that indi- 
cated has to be dealt with, or in larger quantities, a 
more powerful machine with a larger bucket must be 
employed. Very large machines of this type are now 
in operation, weighing eos of 300 tons in working 
order, and carrying buckets of 7 cub. yards capacity, 
capable of dealing with 200 cub. yards to 300 cub. yards 
of material per hour, Such machines have a discharging 
radius of 100 ft. They are naturally slowerin working 
than lighter machines, the time taken to make a com- 
plete cycle of operations being frorn 50 secs. to 65 secs. 
As alternative to the long jib-crane navvy for removing 
and dumping pred overburden direct, is an excavator 
with a normal length of jib, working in conjunction 
with a trans , for taking away the excavated 
material and dumping it, as shown m Fig.7. The navvy 
itself is exactly similar to the one described in connection 
with Figs. 1 and, 2, and stands upon mineral. 

The transporter travels in the bottom of the quarry 
and consists of an underframe and tower, supporting 
a double cantilever track for the wagon or skip. This 
underframe is fitted with the necessary wheels and travel- 
ling gear which enable it to be moved about the quarry 
under its own er, and on the underframe are the 
boiler and win engines for actuating the trans- 
porting gear, which are sufficiently large to haul a fully 

skip up the inclined track at a speed to suit 
the excavator, and, in addition, supplying the ee 
for travelling. The skip is about per cent. larger 
than the excavator bucket to avoid spillage. Itis fitted 
With » Ringed dope aisailar dey prinainie hn she, lveches 
of the digger, but arranged so that it can be opened at 
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RECENT EXCAVATOR PRACTICE. 


Fig.]. TYPICAL GENERAL PURPOSE CRANE-NAVVY, TOTAL WEIGHT 55 TONS, 
(See Photo 
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Fig. 2. Cranz Navvy Excavatine Ironstonzs AND LOADING IT Fic. 4. Crangs Navvy with Lone Fic. 5. Comprnep Cranz Navvy 
Direct into Waaon. : Jrms To Exoavate a‘Face 40 Fr. AND GraB (SHOWING GRaB IN 
In Hutenr. Usz), 
a desired point alo the transporter track b eans 
Fig. 3. DIAGRAM ILLUSTRATING THE CUTTING : ofe mavvabie telpping fok, which is traversed a oamak 
ACTION OF THE BUCKET. 4 \ 4 hand winch on the transporter, within easy reach of 


the driver. 
The operations are as follows: The excavator takes 
a cut and discharges the material into the skip standing 
at the bottom of the track. The transporter es, 
controlled by the yore peg driver, the 
loaded skip up the track to the tipping point, where 
the catch holding the door in place is automatically 
knocked out, and the contents are discharged. The 
driver throws out the hoisting clutch and lowers the 
skip on a free drum under the control of a brake. The 
adjustable tri pping-jack is a useful feature of the machine 
as the dumping point can be varied so as to leave the 
surface of the dump approximately level. 
The transporter wagon makes a round trip in 25 secs., 
which is several seconds quicker than the average cycle 
of operations on the excavator, so as to avoid the latter 
having to wait for the transporter. It really follows 
the axiom of the ideal contractor, who should arrange 
his wagon service so that his steam navvy never waits 
for empties. An output of 80 cub. to 120 cub. 
yards of ofdinary material can be obtained per hour. 
Compared with a long jib-crane navvy of equal bucket 
capacity, the plant is capable of a larger output, because % 
of the obviously quicker working speed of the machine 
— the shorter jib eww von yes the slewing time, 
and consequently the taken in making a complete 
cycle of 9} tm other weeds, thu teneten” at 
e long jib is transferred to a separate machine, the 
transporter, in which 4 still longer reach can be obtained. 
The coal So mee of the two separate machines is 
seaad ouphad that of the single — with 
ty, as more power ral aes to 
ter, due 
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disadvantages are the extra man employed as driver 
of the transporter, and the necessity of moving and laying 
a track for two machines instead of one. 

The comparative weights are as follows: A machine 
with a normal length of jib and a bucket capacity of 


24 cub. yards to 3 cub. yards weighs 55 tons net, whilst 
weight is 1056 tons. A long jib 


with the transporter 











Fra. 6. Crane Navvy wits Extra Lone Bucket-ARM AND JIB. 
Buoxsr Discuarcine 60 Fr. rrom Centre OF MACHINE. 


formation caused by the discharge from the belt-con- 
Meg the latter point does not count, but as 
e 


and has to be‘ put back into cultivation, mech 


additional expenditure is incurred if the levelling has to 
be done by hand. 


It is ous that one ideal would be a simple machine 


which would: combine, if possible, the advantages of: 


into the jib and immediately over the top of a chute 
fitted between the sides of the jib. 


Just as the bucket is coming over the mouth of the 


chute, the catch holding the door in place is mechanically 
pulled 


off, the door fi and the contents of the bucket 


are discharged down the chute into the wagon standing 
on the transporter track at the foot of the chute. The 








Fic. 7. Crans NAVVY WORKING IN ConsUNCTION 


WITH A TRANSPORTER. 



















































































revolving pan at the foot of the transporter, into which 
the excavator \. poner Ye oy mero ng 
ment is ite lighter weight compared with the track 
the skip on aecount of the buted load on the belt, 
as against the concentrated lvad of the skip. Its dis- 
qawentagen qsethe i 
t renewals—and 
ace at one t—the end of the belt. If the 
caper ye ee a , but ean remain yee ridge 





maintenance 
Pico dowt ahem: thn Soaiengs taloes | fonntre 





burden. These conditions are embodied in the com- 
bined excavator and transporter shown in Fig. 8. The 
machine is a single-bucket excavator carrying & wagon 
transporter supported by & eormmon tower and main 
frame, and weighs about 85 tons. The method of dis- 
ing the material into the wagon is its most novel 
feature, as, instead of the bucket being swung round 
over the wagon in the usual way, the hoistingis continued 
after the cut is finished, until the bucket is pulled right 





Fie. 8. Comptxtp Excavator any Transrorter, Removine Fic. 9. Enpsxzss Buckxer Excavaror Compinep 
Cover From IRONSTONE. wire Beit Conveyor. 
TABLE I. 

Total Average Average Average 

Duration of Number of | Cues per | Cute per | qmoumt | Average | Output | Output 
nema A Material ae --> Ne ‘Time Working Time Lost c Bear Hour of Quantity per per ' 

Type of Bxcavated. " Working ‘Time from :— SS Inclusive of = Material p oa Inefusive of | Exclusive of 
Re or me é Lost Lost 
Cuts. Time Lost. Lost. Excavated. Time Time. 
cub, yards. hrs. thins. hr. mins, ke B 

55 tons crane | Ironstone 2-75 2 2 1 18 Waiting for 109 54 84 254 tons 2-34 tons 125 tons 196 tons 

havvy f 8, 33 min. 
tod Moving up, 11 
min. 

55 tons = crane Tleavy 2-75 1 57 22 Waiting for 99 51 72 228 tons 2-30 tons 117 tons 167 tons. 
navvy ironstone wagons, 29 min. 

Moving up, 6 
min. 

66 tons long jib Sand 1-30 1 29 7 Moving up, 22 110 74 99 120 eub. 1-1 eub. 81 cub. 107 cub. 
crane navvy, min. yards yard yards yards 
60 ft. discharg- 
ing centre 

55 tons crane | Stiff clay and 2-75 2 26 47 Moving up, 39 191 79 107 380 eub. 2 cub. 156 cub. 213 cub. 
navvy working loam min. yards yards yards yards 
with trans- bs 

er 

48 tons crane} Stiff clay 2 1 25 17 Moving up, 5 126 89 98 226 cub. 1-8 cub. 160 cub. 176 cub. 
navvy work- min, yards vard yards yards 
ing with trans- es for skip, 
po min. 

85 tons combined | Stiff clay 2 1 16 Moving up, 20 129 81 102 170 cub. 1-32 cub. 106 cub. 134 cub. 
euabvasor and| and sand- min. yards yard yards yards 
ra stone 

120 tons crane} Very heavy 4 1 50 Waiting for 71 43 85 269 tens 3-8 tons 161 tons 321 tons. 
navvy ironstone — 40 

in. 
Changing 
‘ wagons, 10 
Toin. 
NotTs.—These are ordinary working and outputs. It will be seen that the actual outputs per hour in column A aré from 50 cent. to 85 per cent. of 
those in column B, cael atc ten ce cvcengn Sib com amantene hem 1 och yand' el Ger a eaatianeaitin of.sand per hour. 

exeavator with the same size bucket and dumping|the two se machines, by possessing the quick | excavating gear only swings through a little more than 

radius of 80 ft. weighs 160 tons. An endless! carrying | working of the short jib and at the same time have the | half a cirele, and the bottom centre of the chute coincides 

belt is occasionally used in of the skip, fed frome |long reach of the transporter for dumping the over- | with the slewing centre of the hine, so that the wagon, 





when lowered down as far as it will go, is elso immediately 
over theslewing centre, and is, therefore, always correctly 
placed, irrespective of the position of the jib. The 
underframe of the machine is triangular in plan and 
is fitted with three bogies, one at the front immediately 
under the slewing centre, the other two at each end of 
the underframe at the dumping side. The platform 
of the underframe supports the tower and carries the 
boiler, transporter engines, and a separate set of self- 
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contained . sngities’ ‘for’ sje - The “main ‘hoisting 
or digging engihes are m 
of the tower and above the track of the ‘transporter. 
The bucket has a capacity of 2 cub. yards. ‘Two’ men 
are sufficient to operate the various motions, one the 
driver of the ‘transporter’ éngines, who also ‘attends 
to the firing of the boiler, and another who controls the 
excavating mechanism. The machine can complete 


a cycle pf operations in 20 sees., and is ble of an 
output of 60 cub. yards to 80 cub. yards of vy clay 
per hour. 

When the material is light and easy to dig, the endless- 
bucket type of excavator, feeding on ‘to-a belt-conveyor 
may bea useful and efficient combination, as shown 
in Fig. 9% This shows @ machine which is the largest 


of its kind and is operated electrically by three-phase 








Fie. 10 Smati Orang Navvy ExcAvatine 
CLAY ror BRICKMAKING 





cubic yard capacity, with 5 tons cutting effort upon the 


upon an upper storey | teeth 


Tt will deal with any class of material up to fairly 
stif? clay, in quantities up to 50 cub. hour ; 
in fect, in many places, such as brickworks, an output 
of 6 cub. yards to 7 cub. yards per hour may be all that 
is ee and quite a number of machines are replacing 
hand labour even for this small output. For the maxi- 
mum output, two men upon the machine and two or 
three around can be usefully employed, but for small 
outputs one man upon the machine and one or two around 
it are ee rae wheels for working on rails 
are gen y erred, but self-laying tracks do away 
with the sued hoe one or two of “an attendant _ 





and are finding increasing favour, altho adding 
about 30 per cent. to the price. Road wheels are also 



































P13 
in connection v with double rope grabs, pass over the jib 
head ; one of them is connected up to the hoisting drum, 


the other coils and uncoils of a drum, and is used 
for holding up the fork independently of the main rope, 
when it is required to discharge the coke from the fork. 
The free drum is rotated in one direction by the lowering 
of the fork, and in the reverse way by a falling weight 
in order to keep the rope taut. ; 

The method of working is as fellaws : The.arm of the 
fork is racked in towards the machine as far as it will 
go, and the fork is lowered on to the coke bench (see 
position A, Fig. 11). The horizontal racking gear is 
then put into operation, and the fork is thrust under the 
coke intil it is filled (see position B). The hoisting drum 
then comes into use, and the fork full of coke is lifted 





. GENERAL Aanaueenent OF COKE LOAQ 
(See Photo, Fig.12, 





out of the heap (position ©) amd swung over the wagon 
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Fie. 12. 


Coxz Loapsr at Work on A 
Coxe Bunou. 


current. It is capable of an output of 80 cub. yards 
to 150 cub. yards per hour, and was designed to remove 
50 ft. of overburden consisting of sand, peat and gravel. 
The bucket ladder is approximately 100 ft. long, and the 
conveyor 130 ft. long. 

One result of the present-day labour situation is the 
demand for a small machine, due not only to the high 
wages which have to be paid, but to the increasing 
disinclination of men to work with pick and shovel. 
Previous to the war, hand labour was so cheap, that 
for small outputs there was little margin to cover the 
charges incidental to the use of machinery ; therefore, 
comparatively few excavators below 30 tons in weight 
and 8 tons cutting effort on the teeth were used in thi 
country. Labour conditions have now #0 altered, 
however, that brick manufacturers, quatry owners 
and small contractors must have something more eco- 
nomical than hand work, and a machine of the size 
and shown in Fig. 10 meets their requirements. 
In general design and working the machine is similar 
td the larger inachine previously described, but’ tt — 
weighs about 16 tons net, and carries @ bucket of § 6f 
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Fie. 13. Lancs Crane Navvy, 120 Tons 1x Weianr. 
OVED TO sHow ENGINES AND GEARING.) 


sometimes used in place of the rail wheels or self-laying 
tracks, but unless the surface of the ground is quite hard, 
like that of a macadam road, timbers afte necessary 
under the wheels to prevent them from sinking in when 
the machine is excavating and when travelling over soft 
ground. As the timbers are easily damaged by the 
wheels and costly to renew, flanged wheels or self-laying 
tracks are more economical. 

A modification of this small machine is shown in Fig. 11 
and Fig. 12, for loading coke from a level ¢oke-oven 
bench. Tnatead of being fitted with the usual steam navvy 
bucket, it carries a large fork, 4 ft. 6 in. wide, arranged 
with tines similar to a hand fork. The racking motion 
for regulating the stroke of the bucket-arm is ‘also 
differently arranged, as, instead of the point of sus- 
pension being fixed and the working length of the arm 
varied, as in the case of the steam navvies iously 
described, the length or rig m radius ~ thé arm is 
fixed, and the suspension point is racked in of out 
horizontally. This enables the fork to be thrust along 








the bench underneath the coke so as fo avoid breakin 
it. Two independent wire ropes, similar to thos tect 
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g along the coke bench. To dischar 
the eoke from the fork, thé brake on the free drum, PB, 
is applied, and the main brake released. This allows the 
fork to tilt downwards and to discharge its contents, 
as shown in position D. 

At the opposite end of the scale to the small crane 
navvy described, is one shown in Fig. 13, which has 
30 tons cutting effort on the teeth and weighs about 
120 tons net. It is shown éxcavating a face of 27 ft. 
in depth, composed of very thick beds of ironstone, 
some being over 3 ft. thick, which necessitate the use 
of explosives to loosen them. 

Inner wheels for the standard gauges are not fitted 
because of the great weight of the machi Instead of 
these, the outer wheels have twin treads to enable two 
rails to be used under each wheel, placed alongside each 
other, about 6}. in. apart. Mild steel i ome are 
bolted to éach side of the uppér bed-pl and pre 
extended to the rear of the machine to carry the boiler, 
water-tank and ‘ballast box. The boiler is one of the 
lovo-multitubatar type, as the stepin supply required i. 
beyond what ‘is’ practicdble for thé vertieal- pattert:! 
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Three sets of double-cylinder engines are fitted to the | The lifting 6r hoisting rope has only to take the weight 


machine; the largest 
and is used for h 
9-in. cylinders, one on the 
travelling, and the other mounted on 
The bucket has a capacity of 4 cub. y: 









() oe 
, ovr 
>- se? 


> 
\ 











with a controlled door by means of which the rate of 
discharge can be regula This is done by two sets of 
wire ropes (see Fig. 14) passing over the jib head, one, 
set A, for use in hoisting or digging, the other, set B, for 
holding up the bucket in a similar manner to that 
described « the coke loader. 

The hoisting-rope, instead of being connected directly 
to the bucket, is fixed by means of the bale to two 
triangular rocking castings C, and these in turn are con- 
nected by chains D, which pass down each side of the 
bucket to a cross-bar fitted to the back of the door. No 
catch is used on the door, as it is held closed by the pull 
on the oross-bar from the hoisting rope. hen it is 
desired to discharge the excavated material, the bucket- 
arm and bucket are held by means of the holding-up 
rope, and the hoisting rope is lowered out. Onastandard 
bucket fitted with catch-gear and one set of hoisting 
ropes, the effect of lowering the hoisting rope would be 
to lower the bucket, but in this case the bucket is held 
and the door only is lowered under the control of the 
brake on the none drum. Ordinary catch-gear may 
be used, but then the door opens quickly to the full extent 
and dumps the full load into the . This does not 
matter when the wagons are specially constructed, but 
when standard railway companies’ wagons or light 
wagons, as used for hand labour, are the effect of 
dumping 4 tons of ironstone from a height of 4 ft. to 6 ft. 
is bad for the wagons. The breke gear described above, 


however, enables the door to be o: gradually and the 
rete Bh Gachesee to Se ed to any extent. In 
fact, it is possible to discharge on of the load into 


one wagon, close the door again by hoisting, 
the remainder of the contents into another wagon 
—— cycle of operations can be made in from 30 sec. 
to 35 seo., and the excavates and loads between 
250 and 400 tons of ironstone in an hour, with two men on 
the machine and four or five around it ; or comparing it 
with hand labour, as one man can excavate and load 
about | ton per hour, the machine is capable of 

200 to 300 men if a nm service can be to 
deal with its maximum hourly capacity. 

The single-bucket excavators previously described 
have three characteristics, they excavate above the level 
on which they stand, they dig away from the machine, 
and they advance into the excavation as it p . 
The machine shown in Fig. 15, works in an exactly 
opposite manner, as it excavates below the level 
on which it stands, it excavates towards itself, and 
travels backwards when it has excavated all the material 
within reach. It is known as @ dragline, because the 
bucket is dragged towards the machine on a flexible ro 
instead of being guided by aradialarm. Itis very —— 
for drain work and for situations where the und 
is too wet for a machine to stand in the bottom. con- 
struction itis similar in many respects to a crane-navvy ; 


and aps 4 


in fact, the latter may be designed so that, by adding an | i 


omens — to a = ogg 
onger jib and s ucket, 
verted into a dragline. 

The main frame carries the usual travelling gear, which 
may either be a wheels or endless tracks. . The 
upper bedplate es the hoisting engine and either a 
separate engine for slewing, or reversing friction clutches 
driven from the main engines. The hoisting ine is 
fitted with two drums; one is for digging, the o' for 
lifting the bucket out of the excavation, 

cut, and allowing the bucket to 
another cut. The g 


engines and fitting a 
machine can on oe 





cylinders 10 in. by 14 in.,| of the bucket and its contents, and is carried over the 

ting, w two sets have 9-in. by | head of the jib and attached to the body of the bucket. 

wer pms for slewing and |The jib is of the lattice pattern, much lighter in con- 
the jib for racking. | struction than that of a crane neavvd> 

ards, and is fitted navvy the jib has to take 


because in a crane 


practically the whole of the 


The speed of operation is yey A agen 50 


that of a crane nayvy of the same wei 
of bucket in proportion to the cutting pressure also 


ar. 
It may be interesting to give some comparative 
working information of some of the machines illus- 














Fic. 15. Dracrmye Exoavator'at Work, with Fuu., Bucker rm‘Posrrion ror Dumrrne. 


Fig.16.D1ACRAM OF ORAGLINE BUCKET 
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excavating stresses, not only on account of the digging 
rope passing over the jib head, but also because the 
bucket arms, with their attendant slewing and digging 
stresses, are connected to the jib; the dragline jib has, 
however, only to take the load due to the lifting 
rope, together with caving Coates. As the loading at 
the jib head is much less than that of a crane navvy of 
— size and weight, the jib can be made much longer 
which is a advan for ine work, as it 
enables the ket to be out to take a 
deeper and wider cut. The bucket is very simply con- 
See. BEN ee OE 8 Sn Sea bee De tp The 
digging rope is connected to a bale at the front of the 

et, Fig. 16, whilst eens sore. fe taken to the 
body or back of the bucket. contents are dis- 
charged by holding the bucket up on the hoisting rope 
and releasing the tension of the g rope. This 
allows the bucket to tilt forward to arge the con- 
tents from the open mouth. 

A large working radius is very useful in this machine, 
and as working height above the rail is not needed, 
excepting for dumping, the jib has a much flatter angle 
than in a crane navvy, and in addition is usually fitted 
with derricking gear for altering the working radius. 
The angle of the jib varies from 25 deg. to 40 deg. from 
the horizontal in the case of a dragline, and from 45 deg. 
to 60 deg. for a crane navvy. 

The method of working is as follows: the bucket is 
lowered out at its extreme radius to the foot of the exca- 
vation, the digging drum is put into and the bucket 
is into the material tow: the machine, the 
thickness of the cut being regulated by means of the 
tension on the hoisting rope. If the cut is correct, the 
hoisting drum unwinds freely. A thinner cut can be 
taken by braking the hoisting line. When the bucket is 
full, the digging clutch is thrown out and the hoisting gear 
is putin. The bucket is then lifted on the hoisting ro 
and the digging rope is allowed to run out under the 
control of brake so as to swing the bucket towards 
the pa £,, Ae pile peg oe discharged. The 

e point t t di b 
bucket can be swung out beyond the jib-head radius to 
eae Bony wy te ep rdigalle Fan, in the empt; 
bucket on the digging line, and then letting it run out as 
nn Se Rh eeeaeme 
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trated and described, jand for that reason some of 
them have been y timed and tabulated in 
the table given on page 112. 





Emrprree Moror Furts.—Mr. Walter Long, M.P., 
has informed Mr. E. 8. Shrapnell-Smith, C.B.E., Chair- 
man of the Empire Motor Fuels Committee of the Im- 
perial Motor T Council, that it will afford him 
pleasure to be of the Motor Fuels Section of 
the Council’s Conference on October 18 next, when the 
ps cs of the Engineering and Denaturation Sub-Com- 
mittees will be received, and various papers will be 
contributed. Sir George Beilby, F.R.S., Sir Geor, 
Goodwin, K.C.B., and Sir John Cadman, K.C.M.G., 
have similarly intimated their pleasure in becoming 
Vice-Chairmen of the Conference, to support Mr. Walter 
Long. There will be an evening session at the Royal 
Automobile Club on October 18, when Professor H. B. 
Dixon, F.R.S., will give a lecture and demonstrate 
certain experiments in relation to power alcohol. 





THE LaTE Mr. Richarp RaMaGe.—We regret to have 
to announce the death, which occurred on the 16th inst., 
at The Hawthorns, Leith, of Mr. Richard Ramage, a 
well-known Scottish shipbuilder. Mr. Ramage was in 
his 87th year. _He received his training in the yard of 
Messrs. toeiah: Curle & Co., and was for many years 
subsequently with Messrs. William Denny and Brothers, 
Dumbarton, ultimately occupying the position of 
manager of their works. In the year 1877, in connec- 
tion with Mr. Ferguson, a friend of his who had been 
trained together with him, he started a shipbuilding 
business at Leith, under the name of Ramage & Fer- 
guson. Their yard rapidly became an important one ; 
in fact, the activity and displayed by both 
partners soon led their firm to be considered the premier 
shipbuilding firm on the East Coast of Scotland. Their 
first vessel was the steamer Shamrock I, built for local 
shipowners, since when they have consti a large 
number of cargo and passenger steamers, and steam 
yachts, in which latter t; of vessel they acquired a 
well-merited ion, i eye gf pla &@ pro- 
minent in both the industrial and the public life of 
Leith ; was at one time a member of the Leith Town 
Council, and also served on the Dock Commission and 
on the School Board. 





British Emprre Exuaisition.—It is proposed to 
hold in London, in 1923, an exhibition re: tive of 
the industries and resources of the British ire. 
Its objects are to foster Inter-Imperial interests, from 
both a commercial and a political standpoint, and to 
demonstrate the natural resources of the territories 
of the Empire and the inventive and manufacturing 
energy of its peoples.’ The exhibition will be privately 
organised but is receiving official recognition and wy 
H.M. the King has given it his patronage, and H.R.H. 
the Prince of Wales has consented to act as President 
of the General Committee. The Government propose 
to ask Parliament to sanction their participation in the 
guarantee fund to the extent of £100,000, subject to 
conditions to be a ved by the Treasury, on the 
condition that an additional sum of £500,000, is secured 
from other sources. As a further condition of this 
participation the Board of Trade have obtained an 
undertaking from the Executive Council whereby the 
Board shall have the right to approve the choice of @ 
general manager of the ibition ; shall satisfy them- 
selves that the Executive Council is properly consti- 
tuted ; and shall approve all regulations in connection 
with the exhibition such as those affecting the participa- 
tion of the various parts of the Empire and the entry 
of British exhibitors. The Board would also be repre- 
sented officially on the Executive Council, The Board 
are, therefore, in a position to take all ible steps 
for securing that the exhibition is conducted with « 
and in such a manner as to 
ensure its success. The bition is not being cegmnioed 
for profit; any us which may be a at its 
close will be to some public or charitable object. 


,o JuLy 23, 1920.] 
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3 INDUSTRIAL NOTES. 

We deal on another page of the present issue with 
the award of the Industrial Court in the matter of 
the claims of the unions connected with the engineer- 
ing, foundry and shipbuilding trades for an? advance 
of 6d. per hour. The Court found that the claims 
had not been established. 





In the report for the present month issued by the 
United Society of Boiler Makers, and Iron and Steel 
Shipbuilders, the General Senor Mr. J. Hill, says 
that “the principal unions are of opinion that they 
can negotiate their wages claims more satisfactorily 
direct with the employers, and without the.aid of a 
Court, or even of an independent chairman. We all 
along have held quite a different opinion. Our agree- 
ments with employers, with their long-drawn-out 
procedure and delays, and with the proviso that no 
strike nor even the curtailment of overtime can take 
place until the whole of the weary procedure of an 
almost endless succession of abortive conferences 
have been held, have never been satisfactory. Our 
1909 agreement was a millstone round our necks, 
and our members have not yet forgotten how, in 1910, 
the employers pushed us into the lock-out and almost 
drowned us. The ent against our ‘present 
arbitration proceedings is that it is almost compulsory 
arbitration, and awards are unsatisfactory. The best 
answer to this charge is that, whilst wokew had the 
usual] protests about the inadequacy of the awards, 
there has been a general recognition by the workers 
concerned that no organised body of employers ever 
would or ever did give anything equalling the awards 
of these National Courts. Again, with a neutral 
Court, there is a much freer atmosphere than with an 
employer in the chair. Instead of the secret con- 
ferences with the employers under which the executives 
pledged themselves not to show the shorthand notes 
to their own members, I prefer even an opener Court 
than now, sitting in the towns affected, and with the 
press and the public in attendance.” 





The seamen have appealed to the miners to increase 
the coal output with a view to decrease the unem- 
ployment in the South Wales ports. In this connection, 
Mr. M. Tearle, secretary of the Cardiff branch of the 
National Seamen’s and Firemen’s Union, has stated 
that the present position of unemployment of .sea- 
men a end if the coal miners gave an increased 
output. He suggested that the miners should be 
asked to work an eight-hour day instead of a seven- 
hour one as at present until the. country was in a 
better financial position. They could return to 
shorter hours when — were more prosperous. 
He did not suggest that they should work this extra 
hour without extra remuneration. In this matter 
he was fighting for the seamen represented, and not 
against the miners as such. He could not believe 
the coal miners realised the misery they were bringing 
to seamen and other workers by following the dictates 
of a few extremists who were unwilling to give any 
consideration to the needs of other workers, or to the 
needs of the country. 





Speaking last week at the annual general i 
of the General Electric cages ag Limited, Mr. 
Hirst said he would rather see the State encourage 
rofits and tax companies even 15 per cent. or more, 
y a profits tax than continue to allow industry to 
pe in the uncertainty of an Excess Profits tax. 
fe could not give the shareholders any information 
as to how much of the “ carry forward”’ may have 
to be given up. The State issued all kinds of statistics, 
admitted that life was dearer by 115 per cent. to 
150 per cent., encouraged higher wages, but forgot, 
or ignored, the vital fact that to those thrifty people 
who denied themselves many of the pleasures of life, 
whose savings represented the accumulation of the 
wealth of the country, and stood at the back of pro- 
ductive industry—the company’s shareholders—that 
to those people 10 per cent. to-day was of less value 
than 5 per cent. before the war. Taking another 
view of this pernicious tax, he added that if the Govern- 
ment borrowed at 6 per cent., was the extra 4 per 
cent. which went to the shareholders, who in the 
company on an average had received 10 per cent., 
sufficient for all their risks ? Again, did people realise 
that, in order to earn this extra 4 per cent., the com- 
pany had been the means of spending two million 
pounds in wages and salaries, that they had built 
up industries which kept capital in this country which 
otherwise would have to flow abroad? If the workers 
only realised that the aim Th be self-reliant and the 
desire to earn profits were mainspri i 
them continued employment, they pot. g oD am with 
less favour to those well-meaning but misguided 
idealists who disdained profits and believed that 
the distribution of all capital would solve all social 
troubles. They would soon find out—as they found 
out in Hungary—that capital by itself, unless made 





a will-o’-the-wisp. If the workers only 
the totalgprofit which flowed into 
* Pony" ber FY wsr her the amount 
wages paid, Ww ise t nothing but 
production would help them to higher 

; ehieishe oak bt Uiving, amd bested social. com 
ditions. In the company’s balance-sheet the ratio 
dividends was about 8 to 1. If com 
ly so that the 


Sg 


few can buy, and the world’s demand will 
be so curtailed that there will be over-production, 
factories and works will have to shut down, and wages 
will largely cease. 





There are still great numbers of demobilised officers 
and men in need of civil appointments. Many 
of these have already had overseas commercial. ex- 
perience and others are desirous of obtaining posts 


abroad. The Appointments ee acer of the 
Ministry of Labour has on its books men qualified to 


fill any position in business or professional life, and 


firms requiring additions to staff are urgently requested 
to send iculars to the District Inspector, Horrex’s 
Hotel, Norfolk Street, Strand, W.C. 2. Eve: 


“ppli- 
cant is thoroughly examined by a board of business 
men, and a special panel has been set up to deal with 
those desirous of going abroad. Employers, there- 
fore, may be confident that none but suitable men 
will be submitted. 





The National Insurance Act, 1911, provided that 
contributions should be payable for employed persons 
between the ages of 16 and 70. No change has been 
made by the Act of 1920 (referred to on page 47, ante) 
in these age limits, and employers are still required to 
pay contributions as soon as their employees reach 
the age of 16. In the case of workers between the ages 
of 16 and 18 the employer may deduct from wages 
the normal amount of the employee’s contribution, 
i.e., 5d. for a male and 4d. for a female worker, the 
employer paying the remaining 5d. Where, however, 
a worker aged 18 or upwards is not in receipt of board 
and lodging from the employer, and the rate of re- 
muneration does not exceed 4s. for a full wo day, 
the portion of the contribution that may be ucted 
is less than the normal. It is a penny less if the rate 
of remuneration is over 3s. for a full working day, 
but where the rate of remuneration is not over 3s. 
for a full day, no deduction may be made from wages. 
The remuneration limit of 2501. a year for compulsory 
insurance in the case of non-manual workers was 
fixed not by the recent Act, but by the National 
Health Insurance Act of last year. The liability of 
employers to pay contributions for persons 
by that Act, ¢.e., non-manual workers whose remunera- 
tion was over 160]. and not over 2501. a year, operated 
from August 15, 1919, the date of passing of Act, 
and cards were required to be stamped from that date. 





The Executive of the Miners’ Federation of Great 
Britain met the Controller of Coal Mines at the Hotel 
Windsor on the 15th inst., and placed before him the 
claims of the Federation referred to in our last issue. 
The Controller replied that he would consider the matter 
and submit it to the President of the Board of Trade. 


The Coal Association has issued a statement on the 
subject, establishing that “ the money to pay for these 
concessions is to come from the high export prices, 
the proceeds from which at the present time go almost 
entirely into the national Exchequer. 

“The inclusion of a demand for a price reduction 
with that for a wages increase is an astute move to 
secure public sympathy. But whether public support 
is forthcoming or not Mr. Smillie has indicated by his 
regent remarkable utterance on nationalisation that 
public opinion is now but a secondary consideration 
where the interests of the miner are involved. 

“What is the position with regard to the second 
point—that of ? The average wages cost of a 
ton of coal in 1913 was 6s. 10d.; to-da, pr ompems 

id in wages at the pit on every ton is over 
bbe. 2d., or nearly Pach times as much as in 1913. 
This enormous increase is due in the main to the 
increases in wage rates that have been awarded at 
various times since the outbreak of war up to the time 
of the last advance of 20 per cent. as recently as May 
last, but also in large measure to the reduced rate 
of output, for the serious side of the problem is that 
an increase in wages is inevitably accompanied by a 
reduction in output. 


of about 50,000 tons per week, or two and a half million 

tons per year, since the increase of wages took place 

in May last. 

b published costs of American coal for February 

was Ils. per ton at the pit. This means that ee 
on 


in 
coal 





* A dispute which had arisen between the Ballors’ 
and Firemen’s Union and the Cunard Company with 
reference to the number of oil-firemen to be em 

on the Aquitania has been provisi 


burn oil-fuel. The Cunard Company maintain that, 
in their opinion, and in that of their technical experts, 
one fireman is ample for attending to 12 burners. The 
union want one man to have charge of a lesser number. 
After considerable negotiations and in order to mini- 
mise the inconvenience to the Sorrune elt, and 
as this is the first voyage of the ship to be made with 
oil, the Cunard Company, without waiving the prin- 
ciple that one man to 12 burners is sufficient, agreed 
to sign on additional firemen for the present voyage. 
The general question will be settled at a later date. 

The Transport Workers’ Federation and the National 
Union of ilwaymen have put forward a joint 
claim on behalf of the canal workers throughout the 
country. Minimum wages are demanded of 4I. for 
labourers, and 4/. 10s. and 4l. 5s. for captains and 
mates, with a proportionate adjustment for other 
grades. A claim is also made with regard to holidays, 
over-time, and other working conditions. The Ministry 
of Labour has been asked to convene a conference of 
employers and unions to discuss the claims. 





Current Perropiciry i THE Unirep Srares.— 
An analysis of 60 of the large electrical power systems 
in the United States shows that 49 generate 60-cycle, 
6 generate 25-cycle, 4 te 60 and 25-cycle, and 
1 generates 50-cycle alternating current. are 
a 4,750,000 kilovolt-amperes of 60 cycle, 
1,250,000 ovolt-amperes of 25-cycle, and 160,000 
kilovolt-amperes of 50-cycle generating capacity installed 
on these systems. pes das age. backhoe yw on a 
frequency, says Power, New York, why not take 60-cycles, 


ce system predominates to such a large » 
and is anal. better suited to general power require- 
ments any other ? 


Frence CoMMERCIAL INTELLIGENCE DEPARTMENT.— 
A display of French manufactured articles was opened 
at the offices of the French Commercial Intelligence 

ment, 153, Queen Victoria-street, E.C. 4, on the 
15th inst., by Mr. Perier, Minister Plenipoten and 
Commercial Attaché to the French Embassy, who said 
that the present display was the sixth, the first having 
been opened on February 15, 1919, a fact which gave 
evidence of the progress being made in France in the 


through France at the present time, Mr. Périer added, 
one could witness evident signs of her recovery from the 
opstonipurel standpoint ; he was anxious, however, as to 
industrial situation. Owing to the lack of coal, the 
soogmeereeuen, the sock ned he oie Seoaah be the Bias 
ortuna , & slow process, and he to 
to ac nt their reeders with the needs of both France 
and country, with a view to strengthen still further 
the bonds which had united both since the evil days of 
1914. The display, which is to rema‘n open unt) the 
31st inst., contains an intecosting variety of articles, 
among which may be menti 
instruments, photographical apparatus, laboratory ac- 
cessories, &., as onnesting more especially to our readers.: 





Om Srorace, Transport anp DistTrisutTion.—In 
the course of the third very instructive lecture, delivered 
before the Institution of Petroleum Technologists at 
the Crystal Palace on July 14, Mr. H. i . 
M.Inst.C.E., &c., exhibiting an old Chinese t of @ 
junk for carrying fresh water, showed that Chinese 
un the importance of a narrowed trunking 
to reduce the free surface of the liquid exposed to the 
motion of the sea. As regards oil fuel on board, he 


expressed erence for the pressure system, in which 
the oil won tooeed under heaters and 
discharged very hot into the burners. system did 


not re either steam raising nor compressed air 
plant ; forced draught should be used. In coasting work 
the tank shi were Sores ont, Ret ee Froeenns power. 
ican Oil Company built a powerful 
8,000-ton oi] barge across 





“ At the present time there are over 1,200,000 men | cigar-shaped, partly submerged vessels had also been 
em in the mines, as compared with 1,110,000 “a an simile Re rmpe pele ie | ie 
in 1913, and yet the output of coal is now only at the| (4 oor og ty ona gy ne 
rate of about 240,000,000 tons per annum as against] wore also bited, sh pratt ws maneage | 
287,000,000 in 1913. The output during the past! the series will be given on the W ys of ber, 
few weeks has been actually less than in the early part beginning with Mr. G. Howell’s lecture on “ Pros- 
of the year, the reduction being apparently of the order! pecting,”’ on September 1. 
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NOTES ON NEW BOOKS. 


ParticuLars relating to patents, including the pro- 
cedure t° be followed to obtain them, the fees, the 
duration of the t, &c., also conversion tables and 
other data on e ical matters, testing rules and so 
forth, tariffs, a legal digest, &., form the opening, 
handbook » section of " T'he Blue Book ° which, with the 
present tion, for , is in its thirt; y-eighth r 
ofissue. ‘It is edited by The Electrician sod is published 
at the price of 25s. net by Messrs. Benn Brothers, 
Limited, 8, Bouverie-street, E.C. 4. The directory 
portion gives the names of British electricaljfirms and 
engineers, their postal and te hie addresses and 
telephone number, the names g in alphabetical 
order; then follow a a alphabetically 
according to the specialities It’with, and directories 
of Colonial, Continental and American electrical 
engineers and concerns. 


—_—_—— 


“No greater problem confronts the British people 
than that of organising their vast productive resources, 
of securing the highest returns of which these are 
capable, and of harmonising the operations and results 
of industry with the supreme end of our common 
well-being. That object cannot be fulfilled by the 
efforts of any one class or interest, and still less is it 
within the reach of the collective,and impersonal State. 
It has to be worked out by every section of the com- 
munity attaining to a clear vision of its own responsi- 
bility, and by the reconciling sense of reason and 
justice bringing these single ideals ultimately to a 
single focus.” Such is a statement in the preface of 
“The Employer's Year Book,” dated May, 1920, edited 
by Philip Gee, and isstied at 246, Temple Chambers, 
RC. 4, at the price of 25s. We agree with this state- 


ment in its entirety, and for that reason we disagree | 
with the title, since the book appeals to all emplo ; 
the r 


as well as to il employers. It deals under 

aspects with the manifold questions which affect the 
industries and commerce 
appeals to Labour.as well as to Capital. In point of 
fact, we are convinced that more good would result 
to the Whole community ‘were the book to be read 
with an open mind by all trade unionists of the realm 
and its indications and recommendations acted upon 
by them, than will be the case if it remains simply, 
o & its title seems to imply, an employer's year baie 
We recommend it therefore to the general public. 





The first annual directory, for 1920-21, entitled 
“yWho's Who in Engineering,” which is edited 
John Ed. Sears, C.B.E,, M.A., Assoc.M.Inst.C.E., 
and is — at the price of 25s., by the Compendium 
Publishing Company, 93.and 94, Chancery-lane, W.C. 2, 
has now appeared, It gives a biographical notice of 
a large number of British engineers and scientists. 
This is followed by a classified list of engineers according 
to the branch of engineering in which they specialise, 
a chapter which affords a proof that the efforts of the 
editor have not met with the response they 
on the part of members. of the various professions 
which he circularised, since the list in question contains 
the names of only three agricult engineers, one 
colliery engineer, three ic engineers, and so 
forth. We hope that many more names will a: 
in the second and following annual editions. Another 
chapter in the book is the alphabetical directory of 
firms, stating thejr specialities, the date of their 
foundation, the names ef the directors, their war 
services, &c. The book will be useful also for its index 
to manufactures, also for the particulars it gives of the 
engineering institutions and societies, on centres of 
technical engineering training, ing and research 
associations, and associations of employérs and of 
employees. 





Merattic Accessortgs FOR RADIOTELEGRAPHIC AP- 
PARATUS.—-In the early days of experiments with 
high-frequency currents suitable for radiotelegraphy, 
metallic stipports, cases, &., were avoided as much as 
possible lest the eddy currents induced in the metals 
should exercise a damping effect on the apparatus. As 
the work became more technical, metals could not be 
kept out, but iron was either barred or provided with 
screens of co’ or other less objectionable metals. 
Tt was found that stout plate screens were not required, 
but that galvanic Geer 9 would do; there were, how- 
ever, hardly any determinations cf the minimum per- 
missible thickness of those apg According to 
éxperiments made by J. Preuner and L. Pungs, of the 
Marine Research Laboratory, Kiel (Deutsche Physika- 
lische Gesellschaft, 1919, page 594), very thin films will 
be ‘sufficient. A ‘thickness of an electrolytic copper 
deposit of 0-03 mm. or 0-04 mm. will tically screen 
iron in a high-frequency field ; zine deposits must be 
thicker, but coatings of 0-1 mm. will likewise suffice. 
The determinations were made with the aid of a calori- 
meter of utrusual capacity, sixlitres ; the specimen was 
placed in oil in this calorimeter. The temperature of 
the oil rose by some 3 deg. C. during the e ents, 
which took about 10 minutes, owing to the heating of 
the specimen by the eddy currents, 





the British Empire, and 





| GERMANY’S POST-WAR INDUSTRIAL 
| PROBLEMS, _., 


te tHe Eprror yt = ; 
Srx,—There is one poin ecting Ger 
war industrial problem which does not ap 
been brought out in your comments wu 
of the Department of Overseas Trade 
of ENGINEERING, but which requires careful investiga- 
tion when attempts are made to estimate the recuperative 
powers of German ind . Germany has lost a 
proportion of its i labour, not only as a t 
of death or mutilation on the battlefield, but more 
because a huge reservoir has now been closed by the 
founding of new States like Poland, Czecho-Slovakia, 
and Jugo-Slavia. I remember visiting a large factory 





in Aachen in 1909 in order to inspect the manvfacture | Other 


of a fairly large order for railway materials i 
a Colonial Government. I was much struck with the 
fact that the only Germans in, the factory were the 
foremen, and I inquired who the o' were. The 
manager (one of the most 6 men I have met, a 
Cambridge uate) was perfectly frank and said that 
were , Ruthenes, ee ae 

(as he expressed it) from Central Europe. He paid t 
from 58. to 7¢. per an and they constituted 75 ——— 
of the labour force of the factory. He added they 
had still ‘‘ wilder ’’ men, whom his company paid less, 
in the coal and iron mines of Germany, and, attri- 
buted the capacity of Germany to undercut Great Britain 
in the iron and steel industries to the existence of this 
cheap and, as compared with n and Indians, 
efficient labour. The proporti foreign labour to 
German in some of the mines exceeded 90 cent. 

The source of cheap labour is. now com: y cut off, 
and it will take many years for a sufficient number of 
native Germans to take to mining in order to bring 
the output of coal to pre-war \° 

I did not ‘pursue the matter at the time, but wonder 
if the census classification of the population of Germany 
ge war would enable the above statement to be 
verified. 





Yours faithfully, 


July 16, 1920. Lunaazi. 





STANDARDIZATION oF SHAPTING.—The American En- 
ineering Standards Committee has invited the American 
iety of Mechanical pngipocre to act as sponsor for 
the standardization of shafting, says the Iron Age, 
New York. ‘The Society has already done a considerable 
amount of work on a set of standard diameters for 
transmission and machinery shafting. It is proposed 
that the work, which will be carried out by a sectional 
committee under the rules of procedure of the A.E.S.C., 
shall be broadened to include the s ization of 
the method of determining what diameters of_trans- 
mission shafting should be used for given loads, the 


by | dimensions of shafting keys and keyways, and the 
ltelh 


setting of di i 








Tue Swepisn Sprrzsercen Coat Company.—The 
Swedish Spitzbergen Coalfields, Limited, says Swedish 
Ezpert, has sent to the Government a petition for a 

ant of 5,000,000 kr. in return for shares in the company. 
t is pointed out that, as the Semone Treaty has 
now been signed, and as the position of the company 
at the _— monient is such that it is necessary to 
decide the question of procuring Swedish capital, it has 
been deemed -expedient to submit the question to the 
Government. It tis of the greatest consequence that 
the projected extension of coal raising may be effected 
as soon as possible, and that the company may be 
sure of being able to follow out its work with exclusively 
Swedish capital. It is stated that the shipments of 
coal from the Swedish mines on Spitzbergen amounted 
to 20,000 tons in 1919. During the coming summer 
it is estimated that about 50,000 tons can be shipped, 
the main part of which, or 40,000 tons, is to be delivered 
to the State railways at Narvik. ate. reap amd 
wintes 144 persons have spent the winter at the Svea 
colliery. 








Motor Tractors In Formosa.—Agricultural motor- 
tractors were first used on sugar plantation work in the 
early summer of 1919, writes H.M. Acting Consul at 
Tamsui. At present there appear to be ut 20 of 
such tractors in use in the island. All are of Americ&in 
manufacture and range up to 75 h.p., so far as has been 
ascertained. Théy wereim through the medium 
of a British firm. .Two of Se nee have 
more tractors on order, and it is that a third 
is also about to make use of them. Those companies 
which have tractors already in use to be well 
satisfied with them, and it seems probable that a good 
number of the other companies will follow suit in the 
course of time. To give some idea of the which 
may exist for the sale of agricultural tractors, it may 
be mentioned that the area under sugar-cane in Formosa 
is, in an average year, about 250,000 acres. There are 
probably over 30 ies with a capital of not less 
than 1,000,000 yen engaged in the sugar industry 
The te authorised capital of these companies 
is over ,000,000 yen, one-half of which has been 

: One company has an authorised Ey of 
40,000, yen, and others & capital of 25,000,000 
ieicondinen oe profite-duting the f 

ve ing enormous i Past few 
years, and the present is an excellent opportunity for 
ing the sale of modern spplenes snd qpechinew. 
ition, however, will become increasingly 
as time goes on. 





NOTES FROM SOUTH YORKSHIRE. | 
' : SHerrietp, Wednesday. 

Tron and Steel.—The trend of business in the engi - 
ing and stéel trades is on a downward grade; - 
prices of basic materials and a marked shorfage of 
essential supplies: of semi-finished products, among other 
principle causes, are now reacting with ing 
effect on contract business both at home and abroad. 
Orders for ship construction, from which Sheffield 
ordinaril — large benefit, are being held up because 
the cost advanced something like four times on the 
pre-war price. Two contemplated orders for, big ships, 
which were to have been with a local. concern, 
have been cancelled because the cost of production 
has made it impossible for shipowners to pay for them. 

engineering fiegotiations of a similar character 
have fallen through simply on a question of price. The 
call for marine shafting and constructional steel for 
shipbuildi purposes is. distinctly easier. German 
shafting ial paneling the local market to compete with 
the Sheffield product. ian and American makers 
are offering bar iron, ro iron, and steel billets at 
prices substantiall y lower than those quoted by local 
producers. This is inevitably affecting South York- 
shire prices, which, for the first time for many months, 
show an easier tendency. Marked qualities of bar iron 
are realising 331. 10s. per ton, inferior sorts 301. 
per ton. A premium of from li. to,2l. is charged for 
prompt delivery of the latter. Common irons are not 
attracting as much attention as they did a month ago. 
This is attributed partly to the customary slackness 
prevailing at this time of the year, and partly to the 
effect of renewed competition from overseas in the semi- 
finished branches. Steel bars are reported to be offered 
locally as low as 241. per ton as compared with the 
recent record maximum of 34/1. Steel sheets are also 
slightly easier, though output still falls short of require- 
ments. Steel-making departments, for the most part, 
are still working at high pressure on contract arrears. 
Great activity prevails at rolling mills,foundries, and 
forges. More work is arriving at the railway steel 
branches, but the gross volume of business is not sufficient 
to tax.the widely extended basis of production. There 
is a marked diminution in the demand for high-speed 
steel. Apart from American purchases, overseas re- 
quirements are considerably lighter. The market for 
alloys is accordingly ing. The continued absence 
of supplies of vanadium from America is another un- 
favourable factor. Weak patches are evident in the 
erucible-steel trade. Several furnaces are working 
short time, The easing-off noted in the heavy engineer- 
ing trades is not reflected in the lighter branches. Files, 
saws, and engineers’ small tools are leaving Sheffield 
on contract account in record quantities. Sufficient 
orders have been booked by the light casting foundries 
to ensure two to three months’ activity. There is also 
a very healthy demand for machine knives and imple- 
ment parts. 

South Yorkshire Coal Trade.—Gas companies and rail- 
way companies are now, practically stocked against 
the coming winter’s requirements. Collieries are di- 
verting hard coal:from railway depéts to furnish mer- 
chants with emergency stocks. e whole of the out- 
put of industrial fuel is going away promptly on contraet 
account. The house, coal section is quiet. The public 
despite repeated warnings, are still holding off in the 
expectation of a reduction in prices. Cokes form a 
strong market, and are not easily obtained. Slacks 
are a shade easier. Quotations: Best branch hand- 

icked, 37s. 2d. to 38, 2d.; Barnsley best silkstone 

7s. 2d. to 37s. 8d.; Derbyshire house coal, 32s. 8d. 
to 33s. 2d. ; Derbyshire best brights, 35s. 2d. to 36s. 2d. ; 
Derbyshire best large nuts, 32s. 8d. to 338. 8d. ; meaey- 
shire small nuts, 31s. 8d. to 328. 8d.; Yorkshire . 
32s. 8d. to 33e. 8d. ; Derbyshire hards, 328. 8d.to 338. 8d.; 
rough slacks, 288. 2d. to 29s. 2d.; nutty, 27s. 2d. to 288. 2d.; 
8! » 238. 2d. to 249. 2d. 





Tue Curtery Inpustry.—The Secretary of the 
Department of Scientific and Industrial R ch 
roe ne hae 9 — ne emt ye gt a the cutlery 
industry iy t jepartment as 
compiping withithertendisions eld dbus in thie Govern. 
ment scheme for the encouragement of industrial research. 
As the association is to be registered as a non-profit- 








com: the moters have ied to the 
Roan on b bee the inote of @ Ii n Bn tion 20 
of the Companies’ (Consolidation) Act of 1908. The 


secretary of the committee en: in the establishment 
of this association is Mr. W. H. Bolton, P.O. Box 49, 





Tae Paysics any Cuemistry or Cormoips AND 
THER Brearinc on InpusTRiat QuzstTions.~-The 
Faraday Society qs the Physical in agin yea 
are arranging to have a joint symposium genera 
discussion on this important Fattect next October. 
The subject will be introduced by a brief survey of the 
position of colloidal physics and cng! and dis- 
cussion will then follow on the following sub-divisions 
emulsions and emulsification ; Py properties 


-] Of elastic cells; cataphoresis an lect 





precipitation in disperse systems; glass and 
non-@queous ayeeape. The exact 4 and as 
i nd er perticulars will be announced 
later. In the meantime anyone desirous of using the 
of the discussion to bring forward experi- 
mental matter or theoretical considerations 
on the above- i ‘branches of the subject is 
ible with the 


to communicate as soon as Seeretary 
Fes Cee. Mr. F. S. Spiers, 10, Essex-street, 
London, W.C. 2. x 
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NOTES FROM THE NORTH. 
Giaseow, Wedngs: 

State of Trade.—Although it is now rather more t an 
the calendar half-year the present is usually looked upon 
as the time for reviewing the six months’ trade. In 
looking over that period one cannot fail to be struck 
by the tremendous amount of activity which has pre- 
vailed throughout the country. One or two industries 
have certainly not icipated quite so much as the 
majority of others, but a good tone has been general 
over all and an excellent output has taken place. With 
so much business passing there have been many ex- 
tensions ae ises and much new machinery of the 
most wu te kind installed, with the natural result 
that al gree oe works have experienced great 
activity. Their output has naturally been retarded 
by the oe difficulty in pre sufficiency of raw 
material, chiefly iron and steel he producers of the 
latter have gone —wy ¢ a terribly hard time in en- 
deavouring to keep all their customers going along 
satisfactorily. The output has been large, but at no 
time oogeens like Lo to the demand, and many @ 
time it has only been limited by the amount of raw 
pos which they could secure. The question of 


NOTES FROM THE SOUTH-WEST. 


Carpirr, 4 
The Coal Market.—The most interest: g develop- 
ment since last week was the instruction issued to-day 
by the local zepresentative of the Coal Controller that 
exporters must increase their shipments to the coaling 
stations and to Italy, and it was stated the full quota 
had not been supplied to the destinations indicated, 
while to other tinations shipments exceeded 
the allocations. In these circumstances it transpired 
that to-day the guthorities decli to coal 
for France, while it was further stated that to 
Portugal would be suspended for a month. ieries 
yesterday were supplied with permits to cover them 
till August 28—a perjod of five weeks instead of the 
usual four weeks. It was understood that this course 
was adopted in order to provide for the intervention 
of the dagust holidays, which will nosterily result 
in a further diminution of output. ‘T the market 
generally there has no marked , and ex- 
poctoms find the. ulty in arranging any new | 
usiness. 


Welsh Colliery Deal.—Another important colli : 
last evening, went a i oe officially 








plies has been a very serious one during the 
ha ear, and it cannot be said shee, enteeeee 
out 


opes of being much better. 
ps pa nt prices a ruled at = ns of 
and as yet t! do not w much, i 

Buyers hav chet 
and that the present level cannot be 
longer, and are, in consequi 
market at present with all e 
— y= are feature in the work of 
is that despite the large output o: very 
portion of 14 has Ry abroad, the fre, Od. A. 


ing. Buyers have an idea that the 
ence, Ser. 
xcept the most 
consumed nearly f it. Our export pee eect 


iron has been but a shade of what it was in -war 
days, and although some ees have 
come along from forei to be 
turned aside owing to Sooiet sf lae lees 


When work is resumed after the holidays inthe fox noha 
area next week, there are any amount of orders 
commence with, and some works have as mueh booked! 
as to carry them.on nearly up to " 

Scotch Steel Trade.—There has practically | 
nothing doing in the Scotch steel trade eine past 
week on account of the holidays which are still on. 


Repairs are being carried out on an extensive scale, 
all is being ove i in readiness for restarting on Monday 
next. Order books are full, and much activity is ex-. 


pected to prevail during the next few All 
the regular customers are forward for ae oe pee 


contracts, but new business is rather quiet steel 


sheets are a very bright spot at the present time, and || 


the work on hand amounts to a very large tonnage. 
Prices continue very firm all round. 


Malleable Iron Trade.—The holiday respite was 
welcomed in the malleable iron trade of the West of 
Scotland after the very busy period of the past few 
months. The pressure for deliveries was at times very 
heavy, and similar conditions are anticipated when 
b is r d next week, as boo are 
Inquiries over the week have been satisfactory, and 
prices remain strong. 


Scotch Pig-Iron Trade.—When general business is 
resumed next week a big rush of orders is expected in 
the Scotch pig-iron trade, but producers have provided 
against this, and little disappointment is anticipated 
as stocks have been accumulating in a small way. 
The necessary preparations have been taken to ensure 
a little better delivery, but unless raw material con- 
tinues to come in in large quantities, conditions will | 
not show @ very great improvement. The scarcity] 
of all grades of iron during recent months ‘has ‘been the | 
source of much annoyance to consumers, and it is ho 
that the worst stage of that state has been pagsed 
Prices a'l round are very firm. 


Steel Nails.—Intimation has been made-by the local 


nail makers that they now imtend to quote “fixed 
the “subject a, ad “f 
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pees 














large. | and the coun: 


‘the two well-known 
at oho 











er ENGINEERING STANDARDS ASSOCIATION.— 
The British g Standards Association held 
| its 


second on Thursday, the 15th inst., 

Ne ee en tid tineinmen aiaabaaenionan 
presented report 

financial support. Like last year, the 

able to chronicle f Guiker guepess Gaab-akiaae 


Archibald Bart., 
om ae capecial tesa Sty ey 


service to British trade at home in co-ordi 

ing effici and eli waste, is also 
‘much to British It is, there- 
that even after twenty years of y 
wor g industry of the ‘is only 
now slowly putting the Association in a ition ade- 
quately to with the increasing made upon 

its organi Tv are some 300 commit 


counting over 1, 400 members, who, the chairman 
out, give their time and experience often at great personal 
e and inconvenience to this great national work 
asa whole, as mail aed as its industry, owe 
a deep debt of gratitude to these gentlemen for their 
service, and also to the a —— firms who allow 
their engineers, to take part in the:}:4t 
work. The national ‘importance of the Association in 
the development of trade both at home and abroad, 
is, however, being more and more appreciated, and the 
increased demands being made on it by the incustry 
augurs well forits future. Since the last annual meeting, 
27 British standard specifications had been issued and 
some 70 are under revision, the most important of which 
ae with steel sections for ponent building construc- 
neluding shipbuilding, just been completed. 
Association is drafting British standard specifica- 
om i= —s whemical products, ye nal allo 

ctional strength of chemical hire 


ees, std wire 
aa 





Paap steel bridge construc- 
reamers. Some 45 British 
for electrical apparatus are also 


in course of tion. The work of s g 
clause which has been in use forgsome time back. That | details in the construction of ships and their 
—— has been ion oe sati to pay and | is also gress; the pants whieh meet 
its apepanagnee will give m ion on the me a large amount of preliminary 
in future. brisk conditions ee pe | work now only await discussion 
the trade ne and order-books are still well [gpa final « i agreninant with similar panels on the ~~ 
lor them to be available publicly. 
— g Committee, in which the dof 
Britisa INTERNATIONAL Mortor-Boat Tropny.— | Trade,the ion Societies and ‘aoe rapid 
The international race for the above engineers are taking an active part, is also 
hae been Sine ~~ on August 10, 11, and 12,| progress. The question of the s 
in Osborne eliminating to tail shafts is ion. That - 
which boats shall p Snell or t this , are to be held | tion such as this could close the financial with a 
on July 28 over ‘the same course. entirely new | deficit of £1,100 is a matter no doubt the dealt 
boats are being built for this race by Messrs. 8. E.| with by the ind at once and it 
Saunders, Limited, in their East. Cowes, and as | is to be that appeal ‘ to’ 
| who not so far cubsostbed 6 sll ‘and aloo to 
1 who are already su re- 
to, y as their 
treated as a trade 4 — d, 
fact, that encouragemen: been 
ole ESS 
F ,0001. requi uring 
be forthcoming, since a number of leading firms, 





exciting was case on 
occasion, when Maple Leaf IV broke all records by attain- 


a? 


British specifica- 
‘or the chairman stated that 31,000 of the speci- 
fications had been sold almost all in this country against 


NOTES 'FROM CLEVELAND AND THE 


_COUNTIES, 
MrppLesBRoveR, Wednesday. 

The Cleveland Iron ae Cleveland pig-iron 
trade shows little ch of t, but it is gratifying 
to learn that furnaces which had dropped on to the make 
of inferior iron are returning to the production of foundry 
— of which there is quite a famine. Home demand 
“—y foundry pig is far more than can be coped 
with, there being pressure for supply for use in the 
Midlands and South Wales, as well as in districts usually 
served by Cleveland, an < poperee are rigidly adhering 





to their decision not to abroad so long as home 

its absorb output. Forge iron is “deve. 
land pi st For = consumption No. 1 Cleve- 
an 


rest Iron.—Scarcity of hematite is very : 
= came yt ee, any is purchasable for shipment 
most makers are disinclined to discuss 
cay having sold as heavily as they care to 
commit themselves. A small sale to 
tination, however, is 


@ neutral des- 

at “3008. To home 

customers No. 1 hematite is put at 262s. 6d., and mixed 
Nos. at 260s. 


Foreign Ore.—Inactivity still characterizes foreign 
ore. Sellers are more = evidence than they have been, 
some are keen to do business after the long period 

of idleness. The position is easing, and no doubt con- 


| cessions would be made to secure contracts, but consumers 


continue to hold aloof. They are well placed having 
wee Mh gees stocks, and substantial quantities comin 
fo: . so that they can afford to wait in the hope 
and belief that market movement will continue in their 
favour. Quotations are based nominally on 49s. for 
tubio of Te cent. quality, on the 17s. parity freight 

Bilbao-Middlesbrough. That is quite a seller's quota- 
tion, and as the best offer for steamers from Bilbao 
is now 21s. 6d., the c.i.f. Tees value of best rubio cannot 
be put above 530. 6d. 


firm., Foreign tran 
| sections are diioul o pat ites sariees 
is rather cape Medium blast eoke is 82s. 0d 
at the ovens ; and quality low in phosphorus is 65s. 
at the ovens. 





full of work, 

‘a8 circumstances permit, on 

of America 

and of is not 
stand bars, 

% 8, $2/.; iron angles, 301. 16s.; steel 
ee bridge, and tank plates, 231. 108.%5. boiler plates, 
30. ‘angles, 231.; steel joists, 23/.; soft steel 
billets, 262. 10s. ; hard steel 261. 10s. ; it mot 


steel rails, 231. ; fish plates, 26. black sheets, 44/ ; 
and corrugated galv anized sheets, 561. 





Trape with Swepen.—Mr. H. Kershaw, whose 

oP Geoekholes as a see Secretary to H.M. tion 

announced in May, has now left the 

Department of O Overseas Trade to take up his post in 
weden. 


THe Epcak AuLEN News.—The issue of No.7 for 
July of this jo contains a series of interesting 
articles on the. eat treatment of steel, on steel testing, 
the wear of rails, &. A novel feature which is started 
in this issue, consists of a dictionary of steel and engi- 
neering technical terms. 








Tue Miscettangnovs Trapges or SuHerrvieip.—A 
recent pamphlet issued by the City of Sheffield Develop- 





ment ment, Town 1, Sheffield, gives illustrated 
information on n Sheffield trades, t casting, ass and 
lens making, &¢., in which the city @ repu- 
tation equal to that which surrounds eld steel 
and Sheffield steel articles. 

PERSONAL.— intmente :—Mr. E. Raw- 
son, B.Sc.Eng. ener a L.Moch.E., head of the 
engineerin a at "he Municipal — 


to the post of 


P inted principal 
of the West Roscweieh Manici Technical Institute.— 


Lieut.-Colonel G. P. Mills, D.8.0., MA:M-E., M.1.A.E., 
has been appointed chi ef engineer to the Aster Engit.cer- 
f | ing Company (1913). Limited. 





Works OrGanmation.—In order — obtain some 


a ened erm 
installed. ‘Such visits as 
educational value to all 











ing the speed of nearly 50 knots. 


about 3,000.in pre-war years. 
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AEROPLANE ENGINES AT THE INTERNATIONAL AERO EXHIBITION, OLYMPIA. 


(For Description, see Page 106.) 
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Fic. 22. 600-H.P. 12-Cytinpmr “Conpor”’ Enornz ; Mzssrs. Roiis-Royon, Limirep, Enarngers, Dersy. 


Cavoutta Water Svuprry.—The Calcutta journal, 
Statesman, for June 8, says that Mr. St, George Moore, 
M.Inst.C.E., who was engaged to advise the Corporation 
of Calcutta regarding the improvement of the water 
supply of that city, has submitted his report. In this, 
he expresses the opinion that the water supply in question 
is in @ serious position and calls for drastic remedies 
with all possible speed, The complaint is general, 
particularly in the southern area of the city, that the 
present supply is inadequate. The scheme which he has 
put forward, and of which particulars are given in the 
journal, aims at providing Calcutta and its suburbs with, 
roughly, 100,000,000 gallons per day; a continuous 
supply distributed by independent mains to well-defined 
zones. On the population of 1941, as he has worked it 
out, this would insure in that year a supply of 80 gallons 
per head per day within the city boundaries. 





Trape with S1amM.—In his report on the commercial 
situation in Siam at the close of 1919, Mr. J. Crosby, 
H.M. Acting Consul-General in Bangkok, states that 
importations in iron, steel and machinery from the 
United Kingdom ceased entirely during the war. 
America, as long as she remained neutral, thereupon 
became the chief source of supply, providing in particular 
steel plates and sections. As regards machinery, the 
chief importations from America have been four -line 
excavators and two suction dredges for the Royal 
Irrigation Department. From the time that America 
began to participate in the war, hov ever, imports of iron, 
steel and machinery from that quarter all but ceased. 
After the termination of hostilities in November, 1918, 
practically no business was done, in the vain expectation 
that prices would drop. At about the end of June, 1919, 
orders began to be placed again through sheer necessity. 
None of these have yet had time to come forw ; 
it is probable that the bulk of them have gone to the 
United Kingdom. Thereis every prospect that, provided 
labour troubles do not stand in the way, the United 
Kingdom will recover and even improve her old position 
in this market. But it is most desirable that home 
manufacturers should be able to quote firm prices for 
forward contracts for reasonably prompt acceptance, 
and that they should adhere to terms of reasonably 
quick delivery. 















al 3 4 cs: fr. by MR. i Sa abies 
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Fie. 23. 100-H.P. 6-Cytinpgr “ Hawk” Enorxz; Mzssrs. Rotts-Roycrg, Lrp., ENcovemrs, Dersy. 
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1,250-B.H.P. UNIFLOW STEAM 


CONSTRUCTED BY MESSRS 


ENGINE. 


ROBEY AND CO., LIMITED, ENGINEERS, LINCOLN. 


(For Description, see Page 104.) 




























Fig. 35. 
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(To face page 118.) 














PLATE XIV. 
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450 H.P. AEROPLANE ENGINE; AERO INTERNATIONAL EXHIBITION. 
CONSTRUCTED BY MESSRS. D. NAPIER AND SON, LIMITED, ENGINEERS, LONDON 


(For Description, see Page 106.) 
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450-H.P. AEROPLANE ENGINE; AERO INTERNATIONAL EXHIBITION. 


CONSTRUCTED BY MESSRS. D. NAPIER AND SON, LIMITED, ENGINEERS, LONDON. 


(For Description, see Page 106.) 
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“SHIPS BULKHEADS AND SAFETY. 


(Anz we to have another controversy on the 
subject’ of ships’ bulkheads and safety? Most 
naval architects thought the agreement reached 
at the International Conference immediately before 
the war gave reasonable prospect of universal action. 
This, however, has not so far been the result. And 
now there is a tendency to inquire whether the war ex- 
perience with merchant ships, which were torpedoed 
or mined, does not call for some reconsideration of 
the whole or part of the problem. It was this 
state of uncertainty which invested with importance 
the discussion on the papers read before the Institu- 
tion of Naval Architects at their summer meeting 
at. Liverpool, by Sir Westcott Abell, K.B.E., of 
Lloyd’s, on “Safety of Life at Sea,” and by Mr. 
George Webster, M.Sc., on “ Subdivision of Passenger 
Ships,” which opened the question of the best posi- 
tion of bulkheads in ships for safety. Both papers 
were reproduced in last week’s issue, along with a full 
report of the discussion, which revealed clearly 
defined cleavage in opinion. To a correct under- 
standing of the controversy it is necessary briefly 
to review the history of the subject. It was in 
1891 that the spacing of bulkheads was first system- 
atically dealt with by the Board of Trade. Vessels 
had been built previous to this date with very 
minute subdivision, notably the National. liner 
America, and the Inman Line steamers City of 
New York and City of Paris. These were, for their | 600 
time, highly developed passenger vessels, and the 
safety of the passengers was the prime consideration. 


treet, Aceomenitton tone abgcintsd tip then Pelehdenbodaien 


Board of Trade to deal with all classes of ships, 
and the results of the work of this committee were 
published in 1891. Methods were given whereby 
the total length which may be flooded in any part 
of the vessel’s length could be determined, so as to 
make her capable of remaining afloat with one or 
two compartments flooded, according to the grade 
to which she belonged, but this system was not 
universally considered as based on sound principle. 

In 1913-14 the International Conference on 
“Safety of Life at Sea’ reviewed the whole question 
of subdivision of ships. A committee of the Board of 
Trade, presided over by Sir Archibald Denny, Bart., 
LL.D., had been sitting for some time on. this 


question when. the International Conference -was |i 
is formed, and some of its members took part in this 


Conference. The work of the committee was 
completed after the Conference and, subsequently, 
the Board of Trade regulations were issued, which 


122} gave effect to this committee’s report, as well as 
23| to that of the International Conference. These 


regulations make it compulsory to have a definite 
amount of subdivision. The only compulsory part 

of the Ses diemundttanlo menliecinioheaadin eon 
SERED Rabenedineme near 
that the amount of life-saving appliances could be 


tien hokiihin eee 
and led to the International Conference referred to ; 
but the general opinion entertained was was that the 


= | struck 


question as dealt with 





great loss of life was due to the insufficiency 
life boat accommodation carried and to the 
that it was inadequately utilised. The Titanic 
was a very well subdivided vessel. q 

Between 1891 and 1913-14 the standard ‘ of 
safety which was aimed at by subdivision was that 
@ ship should remain afloat with one com ent 
flooded, and further that as a greater e of 
safety in some cases she should be capable of 
remaining afloat with two compartments flooded, 
80 as to provide for the contingency of a blow bein 
tending the shell as well as a bulk 
dividing two compartments, and making both open 
to the sea. These two conditions really resolve 
themselves into one problem, namely, that of find- 
ing what length of a ship could be flooded without 
passing the margin of safety. In the first case the 
question would be what length would be flooded 
when a bulkhead was not struck; and in the second 
case when it was struck. In the first instance it 
would be the length of one compartment, in the 
second it would be the length of two adjoining 


Fe 


compartments. ‘It is evident that for ships of 
‘definite proportions this length of one or altefna- 


tively two compartmerits would be ‘a definite 
percentage of the } of the ship, whatever the 
absolute length might be. The percentage ‘of 
length which gives the same measure of safety 
varies with the position of the compartment 
between bow and stern; it also varies with the 
ratio of freeboard to draught. ‘This length of com- 


‘partment, which is usually called the “ floodable 


length” is at a minimum at 20 per cent. of the 
length from each end of the ship. The length of 
the compartment is about 15 per cent. of the length 
of the ship when the freeboard is 20 per cent. of the 
draught, increasing to 25 per cent. or even 30 per 
cent. of the } h of the ship when the freeboard 
is 60 per cent. of the draught. The floodable length 


also varies with the form of the ship and with sheer, 


but these causes of variation do not come into thé 
Sir Westcott Abell. These 
percentages of length of ship which can be flooded 
without passing the margin of safety give the 
spacings of bulkheads for what is called the one or 
two-compartment ship, and they are practically 
constant percentages, regardless of absolute dimen- 
sions. A constant percentage gives a shorter hold 
in a short ship than in a long one. Convenience 
of shipping and stowing cargo depends on the lengths 
of hold. The length of a com t has, 
therefore, to be considered from the point of view 
of convenience of cargo c ng as well as from 
that of safety of the ship. While 15 per cent. of a 
600-ft. ship will give a compartment 90 ft. in length, 
which is ample for cargo considerations, it only 
gives 45 ft. of length in a 300-ft. ship which for 
some cargo purposes is not sufficient. It will 
thus be seen that it is easier to get good sub- 
division, or satety consistently with efficient cargo 
carrying in a long ship, than in a short one. 

The International Conference introduced a new 
method of viewing this question, and instead of 
talking about a one, two or three-com t 
ship they introduced a “ factorial” system by which 

a permissible of compartment is obtained 
by multiplying the floodable length by a factor, this 
factor being 1.0 for the shortest one-com 


subdivision was such that it might be called some- 
thing between a one and a two-compartment ship. 


The one, two gp three-com 

ships were reckoned respectively as 2965 ft., 571 ft., 
and 900 ft. long. It is evident that for a length a 
little less than 571 ft. the ship was not a two-compart- 


| ment ship, and for a little more than 571 ft. she wae @ 


two-compartment ship. For a length of a little less 
than 57) ft. if rT gone me mend 
for a little more than 571 ft. she,-would 


This change was made to avoid such a 


lit 
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standing by the public as is instanced. A two- 

compartment ship, if a dittle leas than 571 ft., with 

the same proportionate subdivision, would be 

@ one-compartment ays for a little more en 
have am onne Sareea of 

on or Whether they are 

tie anfoty, of the shize with & View tah 

their commercial efficienc 


, ious ecte ch aidy ebsiviothammabingead 
permbbag -metcme imager tee or i tn ae te 


heads or more freeboard. It may well be that the 


I penn on the permentaiyfth 
i ad i'n 8 va 


- migh 
Sy well Adaduins Wanter 31K plete be oe 
effect to the views as to safety required by the 
commission and the views as to commercial effi- 
regula-} ciency reguired by the shipowners. 


ivision has been seriously 

and in consequence it is only recently 
that the difficulties of carrying out these 
tions have been realised. Itis alleged that with the 
“mixed type’’ of ship the subdivision necessary 
to fulfil these requirements is too great for com- 
mercial. purposes and Sir Westcott Abell in his 
paper proposes a modification of this subdivision. 
The damage caused to ships during the war by 
torpedoes and mines has led him to consider “ The} 
Odds on”’ for loss from damages for a much greater | « 
longitudinal extent than was considered by the 


Trade conditions as to su 
undertaken, 





ARRESTING THE WAGES ADVANCE 
MOVEMENT. 
THe award issued by the Industrial Court last 
week in the general wages’ application of the Unions 


is an important and significant document: The 
skilled trades claimed an advance of 6d. per 


As an illustration he takes the case 


general alterations in wages, 
“lif any, might be warranted by the abnormal con- 
ditions existing and due to the war. 
| The previous award of March 10, 1920, was based 
on the brisk state of the engineering trades at the 
time, which the Court 
"| continue and which they considered should be taken 
into account as being among the abnormal con- 
ditions due to the war. 
however, that an alteration in the cost of living 
does not in itself necessarily warrant any corre- 
sponding alteration in wages now that the markets 
are again open, but that the remuneration of the 
circumstances depend 
on the value of the work done, which im ‘ite turn 
should depend on the state of the market and the 
demand for the products of the workshop. ‘The 
Court has adhered to those views in the present 
award, and, notwithstanding a rise in the cost of 
living ‘since the date of the last award, has refused 
to grant any general increase in wages. The 
employers, who had obtained information as to the 


ly expected to 


not clear how he arrives at their figures ; he 
proposes a variation from the regulations which 
gives the ‘‘ odds on”’ Jess in all cases below 570 ft, 
in length, but more in those above. 
which he proposes to.adopt.is.one of dividing vessels 
into six grades ranging from those floating with any 
twe adjoining compartments open to the sea to 
those with any one forward compartment, open to 
the sea, thereby combining the one and two eom- 
partment standards in different ways, gir 
protection to the forward end of the shi 

the after end, because it is more li 


workers should in 


The introduction of the ‘‘chance’’ calculation 


cati branches of the 
opens up a wide subject for in ions in some es industry of a falling- 


off in demand, and the Court came to the con- 
clusion that there was not such an im 

| in the state of trade or such an alteration of 
as would warrant a further general 


ship ee 
the assumption of a fixed proporti 
the longer ships, and thet the amount of» 
was much more likely to be of a constant 
length than.a constant percentage of the 
He also contended that, nn SNe gen te 
taken into account, chances other than ithose 
length of damage must be taken into aceount. 
was pointed out thatthe chance of 
and sidelights being left open could not be ignored: 
and that the chances of what a eanpen wenden 
peace conditions generally wer 
those conditions. 


While the general 


the safety of the ship proposed by Sir W. 
Abell was net complete or satisfactory, it was 
thet the subject may be well worthy of further 
vestigation, and it seems to us that the case of 








The futility of i increasing wages. in order to over- 
take the cost of living, which tikes almost ‘auto- 


state..of affairs is for the nation’s workers, of all 
all 


classes and grades, to do everything in their 
power to. reduce. the cost of living by increasing 
output. - 





FUEL FOR MOTOR TRANSPORT. 

THe interim Memorandum on Fuel for Motor 
Transport presented to Parliament by the Fuel 
Research Board may somewhat disappoint those 
who had pinned their faith on power alcohol and 
who had looked forward to detailed ‘definite pro- 
posals of a report rather than to general considera. 
tions and to the sory “not yet’ of an interim 
memorandum. tailed reports will follow, Sir 
George Beilby said in explaining, together with 
Sir Frederick Nathan, the randum to members 
of the Presslastweek. Meanwhile the Memorandum 
contains ample matter for serious consideration. 

The chief sources of alcoho! are starch and sugar ; 
the chief accumulators of starch in this country are 
grain (barley), potatoes and mangolds. This 
year’s petrol requirements of the United Kingdom 
are estimated by Sir Frederick Nathan at 250,000,000 
gallons. For the production of as many gallons of 
95 per cent. power alcohol we should want 4,170,000 
tons of barley; 12,500,000 tons of potatoes, or 
. | 25,000,000 tons of mangolds, plants of which the 
country in 1919 only produced 1,200,000, 6,213,000 
and 7,769,000 tons respectively. The arable soil 
of the country totals 21,000,000 acres; the 
gallons mentioned would claim nearly 9,000;060 
acres, whilst only 1,870,000 (barley), 1,219,000 
(potatoes), and 472,000 acres (mangolds), respec- 
tively, are actually under crop. The cultivation 
of these plants might officially be pushed, but we 
have seen something of the results of compulsory 
cultivation, and after all the gallon of alcohol 
from barley, potatoes and matigolds would cost 
7s., 88. 6d., 38,, respectively, in raw materials, 
quite apart from the transport and the distribution 
of the aleohol. Outside the United Kingdom 
molasses are a raw meterial cheaply convertible into 
alcohol. Molasses are a by-product of sugar, but 
of refined sugar only, and hence the 2,500,000 tons 
of Indian sugar which is not refined do not count 
in this censideration. The Empire production 
of refined sugar of this season, estimated at just over 
one:million tons, might yield 18,000,000 gallons of 
alcohol; the home distilleries are equipped for 
about 6,000,000 gallons, and the erection of addi- 
tional distilleries would hardly be economical under 
present conditions; it would be better, probably, 
to make and to utilise molasses aleohol in the 
ceuntry ofits growth. Thesugar position is acute ; 
before the war half the world’s supply was Conti- 
nental ‘beet sugar. ‘Though ‘the output of’ cane 
‘sugar is being increased the additional power 
aleohol which may ‘become available ‘for export 
will not amount to much. 

The cultivation.of starch-giving plants is being 
pushed in the Dominions... But. those .products 
will be claimed as foodstuffs in the first instance, 
and ‘their prices will rise in accordance. In the 
tropies other suitable raw materials, wasted so far, 
may be found. Theyre still.being searched for, 
however, as well as new simple alcohol processes. 
In Canada wood cellulose is being studied in this 
connection. There are also mineral sources of 
aleohol upon which hopes have been built. The 
recovery of ethylene from coke-oven gas and coal gas 
and its conversion into alcoho! is still in the experi- 
‘mental stage, but can hardly become important ; 
it looks as if the same will have to be said.about 
we, 1 (from calcium carbide, &c.). Nothing 

heard of late about the acetylene-alcohol 
plants started in Germany and Switzerland ; ‘Sir 
Frederick Nathan did not refer to them in particular, 
merely remarking that calcium carbide is impossible 
without cheap power. Thus his able summary 
‘}shows that the power-alcohol problem has not 
advancedmuch since the days of the pre-war con- 
ferences. But with the investigations proceeding, 
oF OVAL Sela Deienets ter ene eerie” 

onegpies gs agp or is no Jonger, the indif- 
: ome aol lethargy .of the Government. The 
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Finance Bill now before Parlaiment provides for] does answer, and answers best, in === 


the. use of power-methylated spirits, It enables] and it bas been found that heavy cars can be run 
the Board of Customs and Excise to make regula-| on half-alcohol half-petrol mixtures, nat 
tions as to the generation of power-alcohol andj quite so efficiently as_on petrol alone. ther 


















the composition and quantity of the,denatupant:; 
a eheap denaturant is shortly to be authorised, 
and the facilities for the importation and distri- 
bution of power-alcohol in are to be extended. 
Yet it is clear that in the United Kingdom 
alcohol from foodstuffs, home-grown or i 
cannot become the common motor spirit. Coal 
is, and is likely to remain, the world’s cereige) 
source of fuel, as Sir George Beilby, the Director 
of Fuel Research, recently remarked in.a discussion 
on the oil resources of the Empire. In this country, 


gas companies will continue to strip the gas 
for benzol, or ought to be made todo so, is a question. 
Failing that source of benzol supply, the motor 
fuel position will certainly become serious. The 
United States produced last year 66 per cent. 
of the world’s crude petroleum, but. their own 
demands exceeded their production, They. will 
be i more than 12,000,000 automobiles 
next year, and the United Kingdom will probably 
have 750,000. ‘‘ Sorting-out”’ is imperative. The 
candle is a convenient and, in a measure, cheap 
at any rate, coal is the natural source of heat and] source of light. But the illumination of a large 
power, and we have to concentrate our energies}]hali by candles would be indefensible waste, and 
on the adaptation of the products of coal to the] so,is the propulsion. of heavy commercial vehicles 
purposes of transport by sea and land. hy, petrol. , 

By processes of carbonisation and gasification, 
Sir George points out in the Memorandum, coal 
can be “ sorted out” irito gaseous, liquid and solid 
fuels, and the forms of fuel have to be iadapted ENGINEERS. 
to every ‘type ‘of ‘transport. Direet ‘combustion; TuE summer meeting of the Institution of Me- 
will yield 30,000,000 British thermal units per ton] Chanical Engineers opened at Lincoln at 10 a.m. 
of coal, ‘29 per vent. of which the best steam engine|0n Tuesday, the 20th inst,, when the Mayor of 
will place at our disposal in power; gas prodteers| Lincoln, Alderman H. A. Cottingham, formally 
and gas engines will give ‘us'much higher percentages |¢xtended a welcome to the President, Captain 
as power. ‘The British gas undertakings at present | R. H. R. Sankey, C.B., and the members assembled 
obtain 6,000,000 B.T.U. per ton of coal in the form |in the Lecture Theatre of the Municipal Technical 
of town gas, 1,750,000 heat wnits in liquid products, |Scheol. ‘The Mayor, in weleoming the Institution 
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and 17,000,000 units as coke. Recent improve-| to Lincoln, said that there was hardly a :region of 
ments have raised the gas proportion ‘to 9,000,000 | the world to which the products of Lin had 
B.T.U. and ‘the liquid proportion to 3,500,000 |mot penetrated. The engineers and the Corpora- 


units, leaving 15,000,000 units in the form of coke ; w 
the gas figure may be raised to 12,000,000 B.T.U.| relationship. Many. of the leading members.of the 
These, Sir George remarked, are actual figures| principal firms had been mayors, in the past, and 
realised. The million of British thermal wnits| the engineers of the district had always been ready 
in gaseous form ‘finds a ready market at 8s. or’9s.,) to assist the Corporation; one (Mr. F..H. Livens) 
as conipared with ls. 6d. for the raw coal or|had done more than anyone else, apart from the 
coke, ‘which ‘have about the same value. The|city engineer, to help to provide Lincoln..with a 
fuel value of a pound of gas tar is 16,000 B.T/U. :| good water supply. 
by fractionation the liquids can further be sorted| The President, in reply, thanked the Mayor ;for 
out into benzol, &c., fuel, oils and petrol, the most | the welcome the Institution had received. 
volatile products having the highest thermal value. |He thought the information they would doubtless 

This important sorting out of “fuels” in its|geather in their meeting would be of value to the 
thermal and economic effects is especially being| Profession at lange. He thought the interesting 
investigated at H.M. Fuel Research station of East | Pelations between the engineers and the Corporation, 
Greenwich. The method of ‘treatment ‘thas to be| ‘to which the Mayor had referred, must help both 
adapted to the type of coal. For there is no such}im many ways. He regretted the attendance was 
thing as “average coal,” Sir George emphasized, | not. greater. When the present membership .of 
though company prémoters often disregard that|the Institution was compared with that of 1885, 
the and plant must conform to ‘the type | the date ofthe last Lincolm mecting,.« larger meeting 
of coal. The cost of 1,000,000 B.T.U. in the form| would have been anticipated. He was. .aimaid 
of petrol, at 3s. per gallon, is about 21s., or 2} times| railway travelling had something to do with the 
that in gas, and 14 times that in coke. In the form| smaller proportion present now. 
of alcohol ‘at 5s. per gallon, the 1,000,000 B.T.U.| Lieut.-Colonel E. Mansel-Sympson then gave a 
would cost 52s. the thermodynamic point| lecture on Roman Lincoln. This proved a very 
of view the thermal availability of the gas is at interesting item of the programme, but it is rather 
least ‘as high as that of petrol ; ‘but when we have] outside the scope of our columns, and, therefore, 
to carry fuel for long runs, ‘petrol is obviously|can only be briefly referred to. The lecturer 
more convenient, since gas demands either very| drew attention to the various features of the Roman 
large or very ‘heavy containers. ‘Sir George Beilby| city and ‘to the remains still to be seen ‘in and 
summarised the position ‘as follows: Means of| around the city. He also pointed out the location 

ing ‘ottt the potential energy of coal into forms! of the various public buildings. 

of different availability and commercial valte ‘are, 
already in our -hands. The ‘use of the volatile Rnceyt BxeAvaTIOn. Feotaaee, 
products like ‘benzol and light naphtha should be| After a vote of thanks to the author, proposed 
restricted to air transport’and to swift road trans-|by the President, and duly acknowledged, Mr. 
port. Town gas and coke-oven gas might ‘be|#. H. Livens was called upon to read the paper/on 
extensively used in omnibus and passenger cars| “Recent Excavation Progress,’ which jointly with 
for quick traffic, if light and safe containers and|Mr. W. Barnes, he had submitted for discussion. 
replenishing stations could ‘be provided. ‘Low| This paper we reprint in extenso on page 110. 
temperature carbonisation at 600 deg: C. would|. The reading of a summary of the paper by the 
yield a town gas of twice the calorific power at | two authors was aceompanied by @ most interesting 
present realised, so that the same containers would | series of lantern slides, and by an excellent set of 
carry double ‘the thermal ‘units. ‘Carbonisation | ci films showing excavators of the 
at' 600 ‘deg. ‘C. would give in its coke a ‘tarless and | types dealt with in the paper, actually at work. 
smokeless fuel, easily lighted and ‘kept alight, and| This conveyed to members a much more realistic 
admirably adapted for use in suction ‘gas i 
and engines, and ‘the cost of the thermal units pro-| taken alone. Mr. Barnes stated im connection 
duced in this way would not’exeeed 3s. per million, | with one machine that work done before the war 
or one-severith of the cost of petrol units with petrol ata 
at 3s. ‘pér gallon. 

Those suggestions ‘are not mere ‘possibilities. 
A great many types of coal have ‘been investigated, 
and ‘gas containers have been devised and examined. 


tion in Lincoln were on terms of the most cordial 








; beforehand by 
blasting of any kind. Had) British ‘makers 
machinery anne sone things in) the 


Mr. R.'S. Westwood, of the ‘ironstone 
Mines, said he, as a user, could 


40 ft. and even 60 ft., and he thought even 100 ft. 
might be worked by i 

facilities. If the material could be carried greater 
distances, he thought ' 
worked. The Americans did net face the problem 
at all, they wagoned the material away. 

very expensive. He preferred the single 

double operations dealt with im this paper. Most 
tock had to be shaken by explosives before exoave- 


5 
5 


; 


Mr. W. H. Patchell remarked that ‘he considered 

the authors had given an excellent demonstration 
the fact that in the they ‘had 
‘uncommonly good educational ‘tool. 
President ‘then called upon Mr. ‘Livens ‘to 
Mr. Livers said that he ‘ Mr. West- 
would ‘bear fruit. amount of 
done 


about 40 ft. or 50 ft. 


Roan TRansrorr sy Stream Venrerms. 
was entitled “ Road Transport 
by Steam Vehicles.” It was by Mr. P. W. Robson, 
0.B.E., and is reprinted on page 123 of this issue. 
Mr. 'W. T. Bell was the first #peaker in the dis- 
cussion. The author ha made out an excellent 
case for'the steam wagon. His figures would take 
alot of tt It was interesting to’ see that 
the after ‘long ence with the 
mets tem, 7 were now 9, Ae under- 
type. ° advantages ‘to with ‘the 
former, though ‘it was cult with bef od 
maintain the legal axle-weight limits and 
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Until they had some movement by a central 
authority, the roads would not be put into a 
condition suitable for either petrol or steam trans- 


horse, the harness and the vehicle. Motor transport 
likewise consisted of the motor, the transmission 
and the vehicle. The transmission, &c., had now 
reached a high degree of efficiency. He agreed 
that steam vehicles would handle the heavier 
classes of traffic of the future (10-ton loads, &c.) ; 
he would go further, he thought they would 
handle much of the lighter traffic. The very success 
of the petrol vehicle had been its ruin. It was 
multiplying so fast that it would soon more than 
absorb the possible supply of petrol. The price 
of petrol might soon go up to 5s. or 6s. per gallon. 
By the end of the year they would be paying pro- 
bably 10d. per mile for petrol alone per lorry. 
Another fuel would have to be found. Alcohol 
had been ted as the solution, but they had 
other and cheaper fuels. For instance, creosote 
might be used, and at present prices would work 
out at about 3d, per ton-mile, He had also had a 
good deal of experience with hard coke used with 
the dust removed. That worked out at about 
6 lb. per mile, or at present prices 14d. per mile. 
There was nothing to touch it. Features of the 
petrol machine might with advantage be combined 
with motors using other types of fuel. 

Mr. L. A. Legros said the vehicle and road should 
not be considered a but as together making 
one unit. He would ask what would have hap- 
pened if the railways had been placed under the 
canals. Would the roads ever be developed if they 
are placed under the railway people as had been 
now done in this country. He would like the author 
to state what tyres were used in the vehicles men- 
tioned in the paper. That had an effect on the 
vehicle and also on the roads, especially if the latter 
were put into a state of dustlessness and freedom 
from water penetration. The steam vehicle had 
made three attempts to come into existence, and 
od: i success on the third effort. The 
pe icle was comparatively young. The 
steam vehicle had had all the advantages of other 
practice which had assisted in itu development, 

Dr. H. 8. Hele-Shaw said he had long considered 
that heavy loads would be an important factor 
road of the future. Now the question 
of fuel was a most urgent one. The United States, 
which supplied all our fuel, had over-reached itself. 
It had wasted millions of tons of liquid fuel, and 
next year would be com: to im 
of its requirements. they 
the question some years ago people had taken little 
note of it. Now the pinch was beginning to be 
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felt. They were faced with a serious problem. 
It was clear that the end of liquid fuel was going 
.| has> been fin the States, where the decrease 


had so long fought the battle of the’steam Vehicle. 
Later facts had shown that Mr. Clarkson’s work 
had been much nearer the point than might have 
appeared in the past. It was a great credit to 
British engineers that early steam vehicles were still 


For good work Lincoln had always had 


a high reputation. 


Captain G. H. Savage said he thought some 


mention should be made of Colonel Smith’s vehicle 
using suction gas produced in an anthracite-burning 
producer. It was described in the technical journals 
recently.* 


The author, in reply, said the chief object he had 


had in writing the paper was to bring out (1) that 
the supply of petrol was in jeopardy, and (2) that 
road transport was a necessity of modern life. 
They had become accustomed to road transport 
through the petrol vehicle. Though the petrol 
supply was in danger, road transport was not, 
owing to steam. The over-type of machine could 
be brought within the legal limits all right; the 
advantage of the under-type did not rest on that. 
For long distances the over-type was good. If 
the roads were good and the grades not too heavy 
the under-type had a large sphere of usefulness. 
He looked for developments in the lighter class 
of vehicle. 
solution in that direction. The roads were a large 


Mr. Clarkson might have found the 


problem, but it was second to the problems forced 
upon them by the shortening of hours. That 
had produced one of the biggest revolutions that 
had ever been faced. The time element and the 
short day was going to decide what should and what 
should not be used. The roads in the end would 
have to be accommodated to the new forms of 
traffic. His experience was that fire risk was 
comparatively seldom the decisive factor as between 
machines. The suction-gas machine was too new 
a development for him to say much about. 

The meeting then adjourned, various visits being 
paid in the afternoon to works such as those of 


Messrs. Clayton and Shuttleworth, Messrs. Robey 


and Co., and Messrs. Clarke’s Crank and Forge 
Company. At the two former members were 
entertained to tea. These two works have been 
dealt with at length recently in our columns, and 
we need not, therefore, refer to them further now, 
except to say that members greatly appreciated the 
arrangements made at all works for their enter- 
tainment. 
Institution Dinner. 


The Institution Dinner was held in the evening 
at the County Assembly Rooms. 


(To be continued.) 





NOTES. 
POSITION OF 
InpustTRY. 
From the Lloyd’s shipbuilding return for the 
quarter ending June 30 last it appears that in all 
2,195 merchant vessels with an aggregate gross 
tonnage of 7,720,904 are in course of construction, 
of which the United Kingdom is responsible for 
941 ships aggregating 3,578,153 gross tons. This 
latter figure represents an increase of 184,000 
tons as compared with the return last March, and 
an increase of 1,054,000 tons as compared with 
conditions a year ago. The largest increase has 
been at the Clyde shipbuilding centre, where 
1,260,777 tons are now under construction. The 
corresponding figure for the North-East Coast 
area is 948,209 gross tons. The new tonnage 
commenced during the past quarter represented 
588,604 gross tons, and a noteworthy feature is 
the large average size of the vessels in demand. 
There are now building 223 vessels of 6,000 tons 
or Over, as compared with 210 in March. The 
vessels of 10,000 tons and upwards number 63. 
Whilst there has been, during the quarter, an in- 
crease of 184,000 tons in the work under construc- 
tion in British yards, there has been a large fall 
in the work in hand abroad, although it should be 
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* See EnonveErrna, vol. cix, p. 59. 





observed*that the returns include no figures for 
Germany. The most notable drop in production 


has been {continuous for the past 15 months. 
In “March, 1919, the work in hand at American 
yards was 4,185,523 gross tons, on June 30 last 
it was 2,105,956, whilst in the United Kingdom 
the merchant tonnage in hand has increased 60 per 
cent, during the same period, and is now a record 
for this country. During the quarter the tonnage 
in course of construction in the Overseas 
Dominions has increased by 36,000 ‘tons the 
te at the end of June being 268,799. 
Holland also shows an increase, but in Japan 
the tonnage under construction has fallen by 31,000 
gross tons. It is interesting to compare present 
figures with those for the second quarter of 1914. 
Lloyds returns for that date showed a world 
te of 3,162,890 gross tons, of which 
1,722,124 tons were being built in British yards. 


Fatigue AND EFFICIENCY. 

A paper was read at the recent meeting of the 
Royal Sanitary Institute at Birmingham by Dr. 
E. L. Collis on the connection between industrial 
efficiency and fatigue. Much of the paper was of 
a general character dealing with the question from 
the medical aspect. The author’s view of the 
relation between fatigue and efficiency is that there 
are two opposing influences at work. In the first 
place, since practice makes perfect, the repetition 
of movements tends to make successive move- 
ments easier. On the other hand, nervous fatigue 
intervenes after a time, and tends to inhibit the 
transmission of directions to the muscle from the 
controlling centre in the brain. The muscle con- 
cerned is willed to contract but fails to respond, 
although the brain is as active as ever, and by 
direct stimulation of the muscle the latter can also 
be proved to be still active. In short, the failure 
to respond has, Dr. Collis states, been traced to a 
sort of ‘‘ sub-office”’ in the spinal cord which refuses 
to pass on to the muscle the instructions received 
from headquarters. This ‘‘ sub-office”’ thus consti- 
tutes a defence against exhaustion of the muscle. If 
the latter be given a little rest it will again respond, 
“the block on the line” having been removed. 
Fatigue originates, therefore, in the nervous system 
and not in the muscles. Hence activity is asso- 
ciated at the outset with a period of increasing 
efficiency due to practice, and this is followed later 
on by a period of diminished efficiency due to the 
block imposed by the nervous system. When the 
physical strain is not too great, or the hours of labour 
not too long, efficiency improves continuously 
throughout the hours of employment. The week- 
end rest serves to promote recovery from fatigue, 
but some practice is lost, and here it is suggested 
is to be found one reason why Monday is commonly 
a day of diminished output. If the week-end rest 
has been insufficient the effects of fatigue over- 
balance those due to further practice quite early 
in the week and the output falls off. Similarly with 
unsuitable hours of labour the afternoon produc- 
tion may show a lower average than do the morning 
hours, Dr. Collis further observes that the worker 
ought to be selected for the work, and that if this 
were done some economic losses would be avoided. 
He states, that as. matters stand, to maintain a 
staff numbering 1,000 it is frequently necessary 
to engage 1,000 new workers per annum. Were 
workers selected for the work according to their 
natural aptitudes he claims that a very large 
reduction would be made in the constant necessity 
of engaging new hands. In this connection, as 
in other portions of his paper, we regret to find 
no reference to the work of that remarkable man, 
the late Mr. F. W. Taylor, who was the first 
to show that by compelling men engaged in arduous 
labour to take frequent intervals of rest the output 
per head was enormously increased. He further 
emphasised the importance of selecting the worker 
for the work in hand. As he put it, he had little 
use for any but a first-class man, but he had hardly 
ever, he said, met with a man who was not first- 
class in some department of work. These views, 
it will be seen, are in very close accord with those 
advocated by Dr. Collis, and it is fitting that due 
credit should be given to the original pioneer and 
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ROAD TRANSPORT BY STEAM VEHICLES.* 
By P. W. Rosson, O.B.E., of Lincoln. 


1. The Permanent functions of Road Transport.—It 
may be stated as an axiom that the methods of transport 
of goods have recently undergone permanent changes of 
@ far-reaching character. Shorter working hours and 
diminished output of work per man have introduced a 
disturbing factor in the handling of goods traffic on 
railways which demands a fundamental remedy, That 
remedy will doubtless be of a many-sided Reniahor 
involving those larger and chan types of railway 
trucks, and those different methods of railway. working 
about which one has heard from various railway autho- 
rities. But the higher cost of labour at the terminals, the 
reduced number of hours during which distribution from 
the terminals can take place, and the equally reduced 
number of hours at the works and warehouses during 
which goods can be received—all of these things mean 
that the pre-war conditions for the transport cals general 
distribution of goods and merchandise can never return 
in the old form. 

It is these changed conditions which have brought 
about the greatly extended use of road transport, and it 
follows that its increasing ageeeeen is not a tempo 
or accidental by-product of war conditions, but is the 
direct and logical outcome of shorter working hours, and 
the granting of increased wages to general transport 
workers, both of which have made inadequate, and 
impossibly costly, the pre-war method of terminal work- 
ing at the goods yards, and the distribution of goods 
therefrom. 

In whatever manner rail transport may be improved 
in future, the use of road transport vehicles must con- 
tinue to extend, because, first, there must be well-defined 
limits within which the costs of the secondary operations 
of transferring goods from works or warehouse to the 
goods yard, the ree 5 at the goods yard, possible 
transference en route, with a converse series of operations 
at destination, far outweigh the cost of the primary 
operations of transport by rail from town to town. 

ithin these limits, motor transport will be employed 

increasingly.. Secondly, the shorter working hours in 
factories generally make it impossible to accept theserious 
and inevitable delays incidental to the secondary opera- 
tions referred to. Now, as never before, “‘ time is money,” 
and rail transport will be judged in future not only on 
the basis of its net cost, but also in relation to the time 
occupied in passing goods from point of despatch to 
destination. If the time occupied is too long in sending 
by rail, a higher transport cost will be justified by a 
sufficient saving in time. 
It follows that a stage has been reached when road 
transport vehicles must not be regarded merely as 
accessories to the business of the private user, valuable 
though they are from this standpoint. They must be 
recognised as the only solution whereby railways in this 
country can be worked efficiently under the new condi- 
tions which have been imposed ; for it is by the organised 
use of road transport only that the congestion at the rail 
terminals can be reduced, whereby railway labour can 
be used more efficiently, railway wagons released, and a 
scientific re-organisation of the railway system made 
possible. 

When the whole question of road transport is 
approached from this wider point of view, it will be 
realised at once that the problem has not to be solved 
only in relation to the requirements of the private user 
who acquires a road wagon for the speeding up of his 
business ; it becomes a question also of its scope and 
application as a means of handling economically a maxi- 
mum tonnage over @ maximum distance on a regular 
and organised service. The alternative forms of road 
transport wagons should be judged impartially in relation 
to these aspects of the problem, and each allocated to the 
functions it can best perform, so that the highest general 
efficiency is secured. 

2. The Economics of Steam Vehicles.—The object of 
this Paper is to emphasise the usefulness of the steam 
motor-wagon as the most economical and reliable form 
of road transport. In making this statement, however, 
the claims of the petrol and the electric vehicle respect- 
ively are not overlooked. Each has its sphere of advan- 
tageous application. Just as in the generation of power, 
the steam-turbine, the gas-engine, and the oil-engine 
have their proper and recognised spheres of usefulness, 
so it is with Heat three forms of road vehicles, whose 
respective provinces fall into such relation asnot to con- 
flict the one with the other. 

For transporting a maximum tonnage over @ maximum 
distance in minimum time at minimum cost, the steam- 
wa, takes an easy lead over its rivals. For maximum 
mobility with lighter loads, and for special suitability 
for intermittent work, the petrol-vehicle has undisputed 
claims, though its working costs are necessarily higher 
than in the case of the steam-wagon. The electric 
vehicle will be applied increasingly for town work and 
for short distance haulage. There is, of course, & 
dividing line between the respective spheres of these 
three forms of road transport, and on those dividing 
lines it may be a little difficult to come to a clear decision 
as to which side to incline towards, but such cases are in 
the minority ; in the great majority of cases given, a 
clear understanding of the conditions that have to be 
met, and the decision as to choice of type to be applied, 
follow as a matter of course. 

Having made the statement that steam haulage is the 
most economical form of road transport, it is meg 
to give facta which will support it adequately. Wi 
this object, the Author recently caused careful investiga- 
tientetae-aunte by otselnsd staff into actual 


* Paper read before the Institution of Mechanical 
Engineers, at Lincoln, July 20, 1920. 








costs of various types of steam and petrol motor-wagons 
operating in the service of road transport firms and 
private users who have adopted motor transport over a 
considerable number of years, and who have made an 
experienced study of working costs. Figures have been 
analysed which represent, in the ag te, 15,000,000 
ton-miles hauled. The capacities of the vehicles 
examined vary between 3 and 6 tons, and to obtain an 
accurate comparison,each performance has been adjusted 
to give the cost of hauling 5 tons over | mile. 

_ Analysis of Costs.—Table 1 shows the costs in six 
instances of steam vehicle haulage and nine cases of petrol - 
vehicle haulage, a erm ape approximately the work 
done by 100 steam lorries and 100 p trol lorries. 

Table II is an example of how the costs on Table I 
were arrived at for vehicles A and H. The mean load 
of the steam w A was 6 tons, and that of the petrol 
H was 5tons. These were chosen as typical heavy-duty 
vehicles working under very —~ conditions of loading, 
&. The items “ Fitters and § »” “Coal,” ** Oil,” 
“Tyres,”” were obtained from the owners as the actual 
costs booked to the wagons, whilst the other items were 
inserted-as.standard present-day costs, and were applied 
equally to all vehicles except when total costs as supplied 
by the owners included these. 

Recent alterations in rates of wages have been taken 
into account so far asis possible. A 10s. per week rise 
for each of two men is less than 1d. per 5-ton mile. 

The investigation covered the performance of 100 
steam vehicles by five different makers of note, and also 
100 petrol vehicles by nine leading makers. The costs 

iven include all overhead charges, depreciation, interest, 
uel, wages, repairs, &c., and have been obtained from 
actual wagons on every-day commercial work, and are 
not makers’ tests. To avoid any suggestion of preferen- 
tial treatment for steam-wagons depreciation of 
both petrol and steam vehicles has been taken equally 
on the basis of 12} per cent., although it may be fairl 
claimed that the depreciation of the fatter is very muc. 
less than the former. There are many steam wagons 
10 years old and over in constant and reliable service at 
the present time, and the City of Westminster has to-day 
three steam wagons in regular service which are all 20 
years old, and have been in commission for the whole of 
that period. 


TaBLE I.—Comparative Costs of Hauling 5 Tons per Mile 
by various Steam and Petrol Wagons. 
Average annual pf of one 5-ton wagon = 75,000 ton-miles, 
These costs, include all overhead charges depreciation, interest, 
fuel, wages, repairs, &c., and are obtained from actual wagons 
at work (not on test). 
Average costs by steam wes ee ae 


Showing annual cost saved by each steam wagon compared with 

Nore. ve 

— by hauliers, &c., and cover the 
ion ton-miles. 

*,* Since compiling the above, the price of coal has advanced 


14s. 6d. per ton, which adds approximately 1d. to the cost per 
ton-mile. The annual saving is thus reduced to £950. 
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This Table corresponds to vehicles A and H on 











Table I, thus :— 
Typical Steam Petrol 
_— ehicle (A). ehicle (H) 
£ £ 
Depreciation oe 180 180 
Interest, os oe 70 70 
Fitters and spares... 188 145 
of .-| 90 tons at 85s., 170 ein 
-» 244. 480 
oil rT o¢ . -| 250 gals. at 5e., 62 } 170 gals. at 5s., 42 
Wages (man and lad) 430° 340 
Tyres .. of ee 105 80 
Insurance _.. 20 20 
Accommodation 20 20 
Total costs Pm aes - af 377 
Cost per mile .. ls. 8d. 1s. 10d. 
Cost per 5-ton mile 1. 04d. le. 10d. 











: * Higher wages due to longer hours. 
Special note on increased cost of coal since this Paper was written : 
Extra cost due to 14s. 6d. ton increase in cost of coal is 
Sa cost of serge 
The result of this investigation, which it is believed 
to be unique in ite scope, is as follows :— 





Cost of Hauling 5 tone over 1 mile. 


e 4d. 
Steam vehicles ... ans ove ie oll 
Petrol vehicles ... ee ous 2 8 
Annual saving over 15,000 miles 
y use of steam against } £1,000 per vehicle. 
petrol vehicles 


As stated above, these figures represent the actual 
total cost, and include :— 


Interest... ... On @ common basis per 
Depreciation vehicle. 

Repairs and spares 

a To te. Taken from actual records 
Wages =a a inn for each vehicle. 
Insurance ... see oe ar @ common basis per 
Garage accommodation ... vehicle. 


Three hundred miles per week, or 15,000 miles per 
annum, is taken as a reasonable performance for a com- 
mercial vehicle in an organised service run for fit. 
Several interesting and significant facts transpired from 
the investigation. It was found, for instance, 
whilst the average performance of each t of steam- 
wagon gave steadily consistent figures, those in con- 
nection with petrol lorries varied very widely, and it 
would seem in consequence that they are more sensitive 
to verging en in running conditions and also in the 
state of their repair and general adjustment. 
case of petrol vehicles, experienced users were 
found to be convinced that the costs of upkeep and re- 
pairs in the 30-cewt. to 2-ton types were almost as heavy 
as in the 3-ton and 4-ton lorries, and hence when a 
reasonably full mileage annum has to be traversed, 
the saving in the use of steam wagons, when all costs 
are taken into careful consideration, is even more marked 
on the lighter loads. 

3. Carrying Capacity.Steam wagons are normally 
of from 5 tons to 6 tons capacity, a 3-ton t; being also 
employed to a lesser degree. The standard 5 ton to 
6-ton type request carries its full load, and when the 
local authorities allow increased axle-loads, they are 
loaded up to 8 tons and 10 tons. In addition, they often 
haul a trailer loaded with 3 tons to 4 tons, so that, on 
long journeys, wagon and trailer arly transport 
from 8 tons to 10 tons per journey with two men. is 
performance as a regular commercial proposition is alto- 
gether —— the scope of standard petrol motors. 
ability of the steam wagon to transport these heavy 
loads successfully gives it a great advantage on a regular 
service where a large tonnage has to be moved. 

To sum up the economic aspect of the subject, it will 
be clear from the facts here presented that a s 
case is made out for @ much wider application than 
hitherto of the steam motor wagon for all kinds of 
loads. Its relative economy and reliability is so great 
as to provide ample inducement for engineers and 
manufacturers to devote time and study to its further 
development and improvement, 

4. Steam Wagon Construction.—There are three well- 
defined types as follows (Fig. 1) :— 

(a) The Over-Type, as made by Foden, Clayton, 
Garrett, and others. 

(6) The Under-type, as made by Sentinel, Clayton, 
AWG) The “Highepeed En the N al 
(c) e Hi ine type, as in the Nation 
steam car, designed , a arkson, and familiar through 

its application to the don steam omnibuses. 

A review of the salient features of these three 
distinctive types will serve to show the present position 
of steam motor helps construction. 

The Over-Type Wagon.—The over-type wagon is a 
direct development from the ordinary steam traction 





engine. It derives its name from the manner in which 
the engine is mounted on the locomotive boiler, 
Fig. 2, the boiler itself ame, in fact, the e frame. 
The engine, is compound cylinders g usually 
of the following dimensions :— 

High pressure cylinder, 4 in. diameter ... 

ed arene cylinder, 6} in. diameter ... } Stroke 7 ia. 


The cylinders are steam-jacketed, the jacket serving 
as a dome to the boiler, and it therefore carries the safety 
valve. The steam is also 


ing in town traffic, a convenient movement of simple 
fon brings the double 


ers high-pressure into action. 
crank-shaft carries fast and slow speed pinions which 
gear into wheels on a second motion shaft. These 


carry the chain sprocket which drives the 
rear axle theough © seller-aiehin: oummection. 


The distribution valves to the are either 
ordinary fiat D valves or piston valves operated QA 
Stephenson link motion. e steerage 


There is a in the 
best practice each rear wheel is fitted with an ing 
brake controlled by the foot of the driver. Ro’ 
and accessibility, with ity and 
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road transport has been developed to its present stage. 
now when all types of steam wagons are mounted on 
rubbér tyres, the greater margin of strength and relia- 
bility which the over-type wagon has always 

still remains in reserve, and for continuous work in the 
hands of the o driver, and for use on indifferent 


roads, it has no equ 
On the other hand, in this t of wagon the wheel- 
the alternative under- 


base is jer agrees longer than 
type, owing to the form of boiler and arrangement of 

mechanism, and in the rough and tumble of 
pro anda this eomparison is usually enlarged ngen 

unduly so as to discredit the over-type. As a maker 
of, and a strong believer in, both types of steam wagon, 
the author deprecates this tendency, for both have ample 
scope and innumerable. spheres of work, and each has 
distinctive merits. 

Under-type Wagon.—This wagon is so- called 
because the engine is quite separate from the boiler, 
and is fixed to the chassis underneath the body of the 

a n. A vertical cylindrical boiler is adopted invariabl 
central furriacein which water tubes Sis introduced. 
A super-hea ing coil is inserted in the u upper part of this 
furnace and the whole of the steam is dried and super- 
heated on its way to the engine. As the latter is placed 
under the body of the wagon, and is, therefore, not con- 
veniently accessible, the utmost simplicity is desirable. 
In nme compounding and the two-speed gearin 
are dispensed with. The engine is made larger an 
more powerful, and to provide for the wide variations 
of power yo rent i running on the level, and for hill 
pane respectively, some suitable form of variable 
xpansion gear is desirable. The Sentinel engine has 
drop valves actuated by cams. The camshaft is arranged 
de axially under contro! from the see 's operating 
gear, and in ‘this way cams with files suitable for 
early and late cut-off in the ahead ion of rotation, 
and for réverse are respectively brought to operate on 
each set of valves at the will of thedriver. In theClayton 
under-type a larger engine, Fig. 3, is employed, Table IIT, 
fitted with piston valves opera from eccentrics 
mounted on a lay shaft. A special device of great 
simplicity is used to control the angle of advance and 
throw of the eccentrics, so that a full range of cut-off 
from zero to maximum is under the control of the driver 
as shown in Fig. 4 and Fig. 6. By the same means 
the eccentrics are brought into the reverse position. 











it immediately acte aa an sir comiprebsor pumping outh- 
pressed sir into the intermediate steam 


stop valve and engine; 


@ relief valve is 


pipe which can be opened by a pedal under 





between 


en the end of thecrankshaft, driving on to the live-hack 
axle with a roller chain constitutes the complete trans- 


‘to this | mission 


control 
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Indicator showing the effect of notching up 
the valve- of the Clayton under-type wagon are 
shown in Fig. 5 


The Sentinel cross-tube boiler yg in Fig. 7 is 
well known*. In the Clayton boiler, Fig, 8, it- will be 
seen that @ corrugated furnace is adopted with a special 
double set of curved water mage rojecting into the 
furriace gases in a vertical plane ; tube has an equal 
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deriving heat m the f furnace and, 
arranged vertically, the circulation and e 
efficiency are correspondingly improved. The elasticit 
of both and tubes enables the boiler to be fo 
without the slightest danger, and the improved circula- 
tion keeps the tubes clear of deposit. 

The Leapster oy Brand wheels on a fixed front axle. 
It will be seen from the Figs. that the style of boiler and 


rative 


arrangement of under-type en enables a short 
to be constructed without reducing the size of loading 
atform. When mounted on rubber tyres and used on 
t-class roads without too many ts, the under- 


type wagon is most suitable, and it is being employed 
increasingly in this connection. 

The choice as between over-type and under-type must 
be regulated by the conditions which have to met. 
In the case of the individual user who has one or two 
wagons and where the driver has to do his own 
the inherent dhe oor Bee of the over-t with its o 

and echanism, coupled with its 
plicity and strength, constitute & powerful recommends- 
tion; also for hilly or ro roads or for combination 
bem trailers it has y.. distinct and proved fevaeteen, 
peaking generally, the ro ov pe may claim 

as @ universal machine. On the gS» hand, for maxi- 
mum distances on first-class roads the under-type may 
be applied advantageously. Both types will have their 
proper uses for Pnainy ears to come. 

tgh-speed 'ypes.—Mr. Clarkson, whose name 
is associated bricy the development of the steam omnibus 
which, until recently, was so well known we the London 





streets, has given much time and thought to the pro- 
duction of a 3-ton steam lorry, betagge Bea ers radical] 
from the vehicles which have been already danceiited. 


The essential difference is that the engine (for dimensions 
of which see Table IIT) is of the compound type with 
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cylinders arran V fashion having connecting rods 
coupled to's single crank. Se 


7 Bee Proc. 1. Mech: B, 3019; Higa, 46-47, Plate 26, - 
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TABLE TII.—LEADING DIMENSIONS OF TYPICAL WAGONS. YEAR 1920. 


















































































Engine. Fuel. Track, Centre 
to Centre. 
Name of Vehicle Net 4 T. of No.of | Final | Type of Wheel | Length h Tare 
and Makers. | Losd.| poseana Stroke.| tee" | Boller. | pRecom- | Speeds. | Drive. | Wheels.|  S#e.snd type Base, | Overall. y | Weight, 
Normal mended. Front.| Rear. Space. | Chassis. 
Speed. 
Tons. . ft. in. ft. in.) ft. in.) ft. in| ft. in. 
Clayton over-type 5 4 in. and 7} in. 35 Loco. Coke or coal 2 Roller. Cast Rubber 720 =~ 160 4 5 203) 14 2) 21 6 12 0 4 tons 18 
x.T in. stroke. Chain Steel 850 x 160 T ewt, 3 qr. 
Clayton under- 6 | 2 hp. eylinders 35 Vertical | Coke or coal 1 Roller | Cast Rubber 720 x 160 {| 5 5 1 10 19 9 | 14 4 tons 15 
type (Fig. 1b.) 7in, & 10 in. — chain steel 850 x 160 T. cwt. 
Foden over-type . . 5 4 in. and 6} in. 35 Loco. Steam-coal 2 Chain Cast Rubber 850 x 160 40/5 1t}14 2/23 0 12 0 — 
xX 7 in. stroke stee 1050 x 160 T. 
Garrett over-type 5 4 in. and 63 in. 35 Loco. Coal 2 Chain Cast 680 x 140 46/6 S813 4/22 2 12 0 — 
* 7 in. stroke steel 870 x 160 T 
Mann-over-type .. 5 4 in. and 6% in 30 Loco. Coal 3 Chain Steel Rubber 850 x 160 83 6/5 4) 12 5] 2h 2 2 8 5 tons 
x Sin. stroke 1070 x 160 T. t 
Sentinel under- 6 2 h.p. cylinders 35 Vertical Coke, steam- 1 Roller Cast 720 x 160 5&5 5/5 14/10 44) 20 6 14 6 4 tons 19 
type in. x 10in. — coal or both Chain steel 850 x 160. fitting overall owt. 3 qr. 
Clarkson high- 3 34 in. and 6 in. — Vertical Coke 2 Worm- Cast — 510|5 6) 14 0) 10 6 a= = 
speed engine type x 4in. stroke thimt.le gear | steel 
END ELEVATION END CAP REMOVED. SECTIONAL 
= = ——————— =) ————=> - 
> ! 





















be ------- Si" Engine Cntres - 
Fig.3. ASSEMBLY OF ENGINE FOR 6 TON Dare = 
CLAYTON UNDER-TYPE WAGON. '|WALF SECTIONAL PLAN 
| |, THROUGH CYLINDER & 
||MALe THROUGH VALVE. 
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valve driven by an ordinary écéerntric. The 


piston- j 
200 rip.m., and the ine runs in one direc- 
pm ae Be A dluteh. has, to be introduced and 





is effected through the.gear-box, which likewise 

for two forward speeds. A live back-axle with 
worm-drive is employed ab that general style of 
mechanism from ine to driving wheels follows very 
closely Well endierstood petro! Torry practice. The 
boiler, which is shown in Fig. 9, is also of a special type, 
and consists essentially of an outer and inner shell with 








seed ated tabs pevjost Bho spikes, into the hot 
ECCENTRIC 1 FORWARD PosiTion © e 9 todas i tu pro, e 8 in e 
(AT FULL VALVE TRAVEL ——— ~ | furnace gases, and these Seve been found to keep free 





from deposit. The exhaust-steam is condensed in an 
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SOME EXPERIMENTAL WORK IN CONNEC. | #°° 


TION WITH DIESEL ENGINES.* 
By Engineer-Commander C. J.. Hawxss, R.N. (ret.) 
Member 


Tux object of this paper is to ee before the members 

of the Institution an outline of the experimental work 

carried out at the Admiralty Engineering Laboratory 

in connection with internal-combusti 4 for naval 

with special reference to the design and 

performance of a single-cylinder engine of comparatively 
wer. 

In 1916, as the result of the representations of the 
Board of Invention and Research, it was decided to 
establish an ign ceapeees Be pee on a small scale, the 
work, at first, to be confined to experiments with internal- 
combustion engines. A portion of the Goldsmiths’ 
Company’s extension of the City and Guilds ineering 
College, South Kensington, was kindly pl at the 
dis of the Admiralty by the a gy of the 
and the premises weak silidins ‘elie tes an » 1917. 
Pe webbie emghorenny) wet oy ign 
and testing s together, erect necessary —- 
machines and design and obtain experimental t 
engines. Sir Dugald Clerk was appointed of 
— ing Research, a position which he held until 
February, 1918. 

The quaiat af she makesiel sud edge. .setens of 
submarine oil engines was referred to the of 
the engineer-in-chief of the Navy and the 

at a meeting of the Internal- 
Combustion Engines -Committee on November 29, 
1915. The author was of this sub-committee. 
fe rnd) oy ame : stilising, eo. ie fee oon 
or 6 purposes, uti so far as 
the parts of a standard submarine engine, in order to 
save time and also to keep down the cost. The 
of the piston, connecting rod, bedplate and 
not of the standard design were made at th 
Invention, and the engine was constructed and erected 
at the works of Messrs. Ruston and Hornsby, Lincoln. 
17, tes 





Invention 


The engine was first run without load on July 

Several designs of pistons were considered 
sub-committee, including — of aluminium alloy in 
two pieces and also pistons having aluminium alloy heads 
and suitably lightened bronze or cast-iron skirts. 
Eventually it was decided to commence the experiments 
with a piston of aluminium alloy and, in order to keep 
down the weight of the piston, a comparatively low 
copper content was ne pes Se It was uncertain 
whether this piston would s up to its work for any 
length of time, especially having in view the composition 
of the aluminium alloy then being recommended for 
pistons of aircraft engines, but it is interesting to note 
that the original piston is still in use and it has been run 
for a considerable time at comparatively high speeds 
and high mean pressures. 

The trunk piston was divided at the gudgeon-pin centre 
and the two top-end bearings were carried between its 
upper and lower portions—the gudgeon pin, to facilitate 
dismantling, being at first made a driving fit into the eye 
of the connectingrod. This design followed a suggestion 
which was put forward some years before in ti 


other parts | 
e Board of 


ves had not been cut exactly in accordance with the 
instructions on Le deonpty, Sy this resulted in red 
the ly of lubricant to the grooves. It was also fo 
that the brasses had hammered very slightly into the 
aluminium body of the piston and there was, evidence 
that the side clearances between the connecting rod and 
the brasses were insufficient. 
It was decided to bore the eyes of the piston larger, 
make new brasses of correspondi ely greater thickn 
with flanges at each end, and to fit more substantial 
keys to prevent the brasses turning in the piston—as the 
small keys originally fitted were found to be slack. The 
experiments have been continued since August, 1918, at 


mean indicated pressures up to 140 lb. per square inch, | ol 


but it has not been nec to make any further 
modifications to the piston. henever the piston has 
been dismantled it has been found in good condition, and 
careful gauging has shown that there is no appreciable 
wear either in the body of the piston or in the ves 
—and, so far, there is no indication of ‘‘ growth,’’. The 
cast-iron cylinder liner is in excellent condition 

The weights of the aluminium alloy piston and I-section 
connecting rod of the experimental engine are appreciably 
less than the weights of the corresponding parts of the 
standardsub ine engine, with the result that theinertia 
forces in the former at 500 r.p.m. are approximately the 
same as in the on om _ running at 380 — The 
comparative weights of the reciprocating and rotatin 
parts of the experi tal cylinder and the etendiard 
engines areshown in Table I. 


MEP Fig. 1. 
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alloy piston should be about 50 per eent. greater than the 
with a cast-iron piston. Should 
& cast-iron piston seize it generally results in damaging 
the liner as well as the piston, but in the case of the 
aluminium alloy piston it was found that a seizure did 
not thes ofthelinerin any way. Further, 
it was found that as soon as the ned 
slightly after a seizure the al piston was quite 
There is no doubt, so far as present experience is 
concerned, that aluminium -alloy pistons, although 
slightly greater in first cost, have many advantages over 
cast-iron pistons. Further experience will shortly be 
available as to their behaviour under actual service 
conditions and it will then be possible to decide whether 
their extended use for submarines is justified. In the 
meantime other Admiralty experimental engines, includ- 
ing the two-stroke cycle type, have been or are to 
fitted with pistons of aluminium alloy for further test. 
In view of the results obtained with the “ Unit” 
engine it was decided, when the engine had been trans- 
ferred from Lincoln to the Admiralty Engineering 
withabana ighingede promanles sopashatging end 
wi mean pressures by superc ng an 
also to run at higherspeeds. The twofmethods of super- 
charging considered were (1) to compress to the super- 
chaveing pressures the whole of the air required by the 
engine by means of @ blower or , the air passing 
through the induction valve, or (2) to allow the engine 
to draw air from the atmosphere t the induction 
valve in the ordinary way and to add at or about the 
SSeethuryig tat pe tgs ropes the arepicoel air for 
uu uncov ‘by the piston or 
through an edditional valve in or near the cylinder head. 
The alternatives were fully considered, but as the 
}principal object at that time was to test the aluminium 
alloy piston it was decided to adopt (1) as it did not 
involve any —— alterations to yt owe It was 
consequently arranged to compress to supercharging 
pressure the whole of the air required by the engine by 














o } 
eu.  Supercharging Pressure-Inches of Hg. 


TABLE I.—Comparison of Weights of Pistons and Con- 
—- Rods in Experimental and Standard Submarine 
ngines. 








with ordinary cast-iron pistons, with the object of 
obtaining a slightly greater gudgeon pin bearing surface. 
The top-end brasses, which were lined with white metal, 
were not adjustable. Lubrication was effected by forced 
feed from the crankshaft through the centre of the 
connecting rod and thence through channels in the hollow 
gudgeon pin to the bearings. The bearings were held in 


position 

were fitted in addition to a scraper ring, but, with 
object of reducing the possible wear of the piston grooves, 
the width of the working faces of the ws ottwreee made 
¢ in., as compared with jin. in the stan 

pistons. Aluminium guards were fitted on the lines of 
the standard submarine engines in order to prevent 
lubricating oil, either from the top-end bearings or splash 
from the crank, finding its way to the walls the 
cylinder liner. Splash guards were also fitted over the 
erank webs. The connecting rod was made of 30 tons 
to 35 tons steel and was of I-section-—-the connecting rods 
of standard submarine engines being of round section. 

The diameter of the cylindet of this engine (which, 
for convenience, is known as the ‘“‘ Unit ” engine)is 14}in., 
stroke 15 in., and of 100 nominal brake horse-power at 
380 r.p.m. Other parts of the engine need no special 
mention, as they followed Messrs. Vickers’ standard 
design, a full description of which has already been given 
in several technical publications. Solid injection was 
first used in this engine, but, later, air injection was 
fitted for experiments with a modified type of air- 
injection valve. 

After the engine had been running at the full nominal 
load for some considerable time it was opened up for 
examination. It was found that the gudgeon pin was 
slightly slack in the connecting rod it was ided, 
therefore, to modify the skirt portion of the piston so that 
it would pass over the foot of the rod for dismantling and 
thus permit a “‘ shrunk in ’ gudgeon pin to be fitted. 

When these modifications had been carried out the 
engine was transferred from Lincoln to the Admiralty 

i ing Laboratory and the trials were continued in 
September, 1917. The engine was run at or above 
100 brake horse-power at revolutions from 380 to 500 
per minute and at mean pressures from 100 Ib. to 140 Ib. 
per square inch, and it was not opened out for examina- 
tion again until July, 1918. It was then found that the 
piston was in a but the white metal of the 


gudgeon worn sli y- It appeared evident 
that this wear was largely due to the fact that the oil 


* Paper read before the Institution of Naval Architects, 
July 8, 1920. 


steel end plates. Six cast-iron piston rin, 











|- | Standard 
—— mental | Submarine 
Engine. 
>. in. 
Gylinder diameter 44 144 
Length of stroke .. oe ve 15 15 
Revolutions per minute .. re, --| 880 880 
Ww of piston, with rings, bushes (in 
the case of experimental engine), Tb. Ib. 
wei et son ee en 213 890 
e connecting - w 
e in and large end bearing and bushes 
in the case of standard engine) 2 200 423 
Reci; am weights (includes two- 
i th: weight of connecting rod with- 
cast-iron out palm end)... mf < o- 810 560 
Rotating weights (includes palm end and 
one-third weight of connecting rod) .. 193 253 











With the particulars given in the above Table =e 
e 
and 


mean pressures on the yarious bearings throughout 
cle, at 380 r.p.m., were obtained for each engine 
the results are shown in Table II. 


Taste Il.—Mean Total Bearing Pressures throughout 





of a standard Roots blower, driven by belt from 
an electric motor. The blower delivered air under 
pressure to a reservoir, which was fitted with a combined 
relief and D, sipeus' regulating valve, so that the ——. 
charging could be adjusted to any predeterm 
pressure within the capacity of the blower. A three-way 
cock was fitted in the induction pipe so co oat on 
could take its supply of air either txben the atm 
or from the reservoir, This.arrangement.gave no trouble, 
but it was found that the temperature of the air delivered 
at 3 lb. or 4 Ib, pressure after. a time rose iably 
and a water-jacket was therefore fitted to the blower. 
Tests were then carried out with and without super- 
ing @t various s up to 500 \r,p.m..using the 
maximum quantity of fuel oil delivered by the fuel . 
A six-hole sprayer was necessery at the higher s' 
and the pressure in the solid injection, system was 
maintained, as nearly as possible, at 4,000 lb. per square 
inch by ayers f e ary vars be pnd sennenee--tes 
varying both the lift and peri opening 0! 
valye. Further, the com on was 380 lb. 
per square inch and the average initial or maximum 
pressure was kept at about 680 lb, per square inch by 
adjusting the sing gear as or each test. 
The same brand of fuel oil was used ughout, viz., 
heavy shale oil of specific gravity 0:86 at 60 deg. F. 
The quantity and rise in temperature of the cooling water 
to the jacket, cylinder cover and exhaust valve were 
measured. 
During the, tests the blower was run at ite lowest 
8 but the emount of air delivered was. in excess of 
t required at all engine speeds. A calculation had 





rs to be made, therefore, based on the curves of output and 

Cycle in Pounds, power furnished by the makers of the blower, in order to 

obtain the power required to supply the air actually used 

Gudgeon | Crank —— Main j|intheengine. The blower was not very efficient and the 

Engine. Pin. Pin. - |Bearings. | calculated power required socune the su air 

were endy ale lan Forge omy: Pet 2 

necessary in practice. e results obtained during the 

tal e 12,320 16,200 1,420 16,200 ‘ e 
Bepetnee a | TBS) Baeet vie 207260 | 500 F.p-m. series of tests Ls rmpt-y ee 








It will be seen, as would be expected, that there is a 
considerable reduction in the mean total loadings of the 
i due to the use of the aluminium alloy piston 
and lighter connecting rod and, as the mean rubbin 
velocities of the various bearings are the same for bo 
at 380 r.p.m., this juction is @ measure of 
the increase in the mechanical efficiency of the experi- 
mental engine as compared with the mechanical 
of the standard engine. This increase in m 
efficiency would appear to be of the order of 
The coefficient, of linear expansion and 
cad, in the Shenite of ind far oa large engines 
and, e ts) ormation so far as. 
concerned, it was difficult in the 
decide on the clearances which should 


decided to make 
with cast-iron in Diesel engines and to 
When the engine was first started, and 


ADS SO 
thermal | i 
are greater for aluminium than for cast-iron | would be 


charging pressures o in. 
and 8 in. of mercury measured b Oe ea. 
in communication with the reservoir) are shown : 
cally in Fig. 1, The fuel, consumption per brake horse- 
power hour inclusive of the blower are estimated. Each 
yp hess Uae - TE Na 
powers dev were 
limited by the capacity of the fuel pump, the results 
obtai could not be regarded as satisfactory. The 
exhaust was not clear during any test and it was evident 
i some alteration to 
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in the solid injection system but, in, it was con- 
sidered advisable at that stage, and with the Sittings then 
in use, to limit the pressure to 4,000 Ib. per square inch. 
During the later tests diagrams were taken from the fuel 
system with the object of ascertaining the variation of 
puree during the cycle. For this purpose an ordinary 

ydraulic indicator was used, but as the fuel oil was 
found to leak the piston a U-pipe connection was 
made to the indicator and filled wi vy oil—so that 
the heavy oil was in contact with se This 
overcame the difficulty and it is consid that reliable 
records of the variation in pressure were obtained. It 





was found that with a gauge pressure of 4,000 Ib, per 








Z. 
OF INDICATOR 
GEAR 


square inch in the fuel system, with the engine running 
at 420 r.p.m., the maximum pressure was 4,560 Ib 
and the minimum pressure 3,400 Ib. per square inch. 

The exhaust pipe outlet to the atmosphere is some 
considerable distance from the engine and for con- 
venience it has been arranged to spray water into the 
first of the two silencers fitted and to note the colour of 
the discharge from the silencer drain by passing it over 
& plate of glass painted while on its inner side. It has 
been found that this method is very sensitive and can 
always be relied upon to give a true indication of the 
colour of the exhaust. method has also been used 
successfully for other imental engines. 

The indicator rig originally fitted to this engine was 
considered to be unsatisfactory and a new gear was fitted, 
@n arrangement of which is shown in Fig. 2. It will be 
seen that a steel tape, 0-006 in. in thickness, has one end 
connected to the piston and the other end connected to 
the rim of an aluminium wheel, which is mounted on a 
small shaft carried in a bracket attached to the engine 
framing. This ta) over a ball-bearing ey 
ee in diameter. The shaft rt ire the aluminium 
wheel also carries the pulleys to which the tension springs 
are connected and the pulley from which the indicator 
tape is taken. By this means a true copy of the move- 
ment of the piston can be obtained. Some difficulties 
were experienced in connection with the tension sprin 
and the tape fastenings but by running the whole of the 
gear in the open by an electric motor, so that all parts 
were under observation, these difficulties were readily 
overcome. Various minor alterations were made later, 
but the principle of the gear has remained the same. 
A photograph of the gear attatched to the ‘ Unit ” engine 
is shown in Fig. 3. Since that time a large number of 
strands of vobGer have been successfully used in place 
of the tension springs. 

It may be interesting to mention, in connection with the 
“Unit” engine, that an obturator ring has been fitted 
to the piston since August, 1918, and has given fairly 
satisfactory results. The use of the obturator ring for 
Diesel engines was brought to notice by Messrs. The 
Engineering and Ate Lamps, Limited, of St. Albans, as 
@ number of experiments had already been carried out in 
an engine at the St. Albans Jlectric Power Station, 
and very promising results obtained. The top of the 
cylinder liner of the power station engine was worn to the 
extent of nearly } in, on the diameter and the life of the 
phosphor bronze obturator ring under these severe 
conditions was about 300 hours. The general condition 
of the liner, however, was such that the ordinary t of 
cast-iron ring could not be used and the fittin the 
obturator ring, its life was woeaparatively short, 
certainly enabled the engine to be run. 

In the St. Albans engine the first three cast-iron piston 
rings were “‘pegged in” for the fen 
grooves, an obturator ring of L-section, and ut 
1-5 mm. in thickness, was fitted in the fourth groove, 
and the three syquniaitg worn rings, below the obturator 
ring, were retained unaltered. An appreciable clearance 


was provided between the edge of the obturator ring and 
the groove in which it was fitted. The question of the 
gas pressure behind the obturator ring during the cycle 
was discussed with the firms representatives and it was 
oo to them that it would perhaps be an advantage 
to fit a cast-iron ring in the top groove of the piston in 
order to protect the obturator ring from the hot gases. 
Later, when it was decided to fit an obturator ring to the 
“Unit ” engine for experiment, provision was made for 
& cast-iron protection ring designed to give a radial 
pressure of about 1 lb. per square inch. Further, the 
clearance between the edge of the ol@urator ring and its 
groove was reduced to 0-002 in.—as by this means it was 





was removed and eased slightly to give it more freedom. 
It was clear that only portions of the ring were in contact 
with the liner and its surface was therefore smoothed 
up as necessary and 11 slots, 1/32nd of an inch deep 
and 1/16th of an inch wide, were fitted, as shown in Fig. 4. 
At the same time the clearance between the edge of the 
ring and the piston groove was increased from 0-002 in. 
to 0:003 in. These slight modifications resulted in a 
distinct improvement and the ring worked satisfactorily 
with mean indicated pressures up to 140 Ib. per square 
inch. No leakage was apparent although the maximum 
compression pressure was very slightly less than that 
previously obtained with the full number of cast-iron 








Fig.4. UNIT ENGINE. ARRANGEMENT OF 
OBTURATOR RINGS IN PISTON 
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rings with the same compression ratio in use. There 
was & very decided knock in the piston at the end of the 
compression stroke and after running for a total of about 
30 hours it was decided to examine the piston and 
obturator ring. The obturator ring was found to be 
quite free and bearing generally and there was no 
measurable wear. The ring was Chesefere replaced and, 
in view of the previous knocking of the piston, two 
additional light cast-iron rings were fitted below the 
obturator ring. These additional rings, which were 
intended to act as “‘ buffer’ rings, practically cured the 
knocking, but they must add slightly to the piston friction 
of the engine. It is probable that this knocking could 
have been avoided by reducing the piston clearance, 
but nothing could, of course, be done with the existing 
piston ; neither was it desirable in view of running the 
engine at comparatively high mean pressures. 

After running for about 150 hours at various powers 
the obturator ring was again measured and the wear 
appeared to be about 0-001 in., whilst the maximum 
wear in the groove of the piston when gauged was found 
to be 0-008 im. So far the obturator ring is promising, 
but it has been tested under very favourable conditions, 
and further experience is necessary before any recom- 
mendations could be made in regard to its general use 
in service engines. The original ring is still fitted in 
the engine, but there has been no opportunity to ascertain 
the actual reduction in piston friction resulting from its 
use. There is no doubt, however, that the engine is more 
free than formerly and its mechanical efficiency has been 
slightly increased. It is not known whether any 
experiments have been made to ascertain whether 
obturator rings would work ape ee 6 when running 
over ports, such as those fitted in two-stroke cycle engines, 
but it is probable that this will be tried at the laboratory 
at a later date. 

Very good results have been obtained with the ‘‘ Unit” 
engine both with the solid and with the air injection 
systems. Instructions were received to carry out 
experiments with the object of reducing the tendency 
of the standard engines to smoke when using solid 
injection. A large number of tests were made, which 
cannot be referred to in detail here, and eventually 





considered that the pressure behind the ring would, by 
wire-drawing, be reduced to a minimum. 

The arrangement of the L-sectioned obturator ring in 
the “Unit” piston is shown in Fig. 4. The material 
used is phosphor bronze and the thickness of the ring is 
0-05in. A lap joint, riveted and silver soldered to one 
end of the ring, is provided to ensure gas tightness past 
the gap. A filling ring is fitted, made in halves spigoted 
together— its width being such that it just allows freedom 
of movement of the obturator ring. 

the obturator ring was fitted to the “ Unit” 
engine the compression ratio was increased, as it was 
uncertain whether the ring would be gastight when 
starting up. Later, however, the compression was 
sodased again to 380 lb. per square inch at 380 r.p.m. 
When the engine was first run with the obturator ring, 
especially for about 15 minutes after starting, an appre- 
ciable quantity of gas the piston into the crank- 
case—which would be an objectionable feature so far as 





its use for submarine engines is concerned—so the ring 


kel combustion was obtained with the “ Unit” 
ine at all powers from 100 brake horse-power to 
25 con horse-power, and the consumption of fuel oil at 
100 brake horse-power and+ 380 r.p.m. was just under 
0-4 lb. per brake horse-power hour. Having in view 
the fact that the tests were carried out with  single- 
cylinder engine, fitted with a camshaft driving mechanism 
designed for @ multi-cylinder engine, this figure for con- 
sumption is remarkably good. The fuel used was shale 
oil having a specific gravity of 0-86 at 60 deg. F. During 
all these tests the fuel oil was very carefully measured, 
and it may be mentioned that during a 6 hours’ con- 
tinuous test the variation in the consumption, recorded 
half hourly, was under 1 per cent. The “ Unit” engine 
is coupled to a standard Heenan and Froude dynamometer 
for absorbing the power. ‘ : 
Tests were made with the above engine when using air 
injection and the fuel consumption at 100 brake horse- 
power, after making the necessary allowance for the 
power required to drive the air compressor, was practically 
the same as the fuel consumption when using ‘solid 
injection. ‘ 
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Early in 191 eral British firms ked to] running that skew gears were preferable to or bevel Coed an thes o Miyh pecighems speed can be 
A Silagng Of cnughe-aptaotet experimental engines drives. Skew gears were eae ado: and as it|}employed. Holes are provided in seen of the tyetied 
of from 300 brake horse-power to 400 brake horse-power, 


and one of these engines is now a completion. 
At about the same time a iminary design for an 
° imental four-stroke single-cylinder engine of about 
300 brake horse-power was prepared by the Admiralty 
Engineering Laboratory and instructions were received 
to proceed with the working drawings on May 1, 1918. 
Photographs of the engine, which was constructed at 

» are shown in Figs. 5and 6, PlateXVI. Owing 
to space requirements it was eventually decided to design 
a square engine, 20 in. di ter by 20 in. stroke, develop- 
ing its full power at 390 r.p.m. The piston speed aimed 
at was, therefore, 1,300 ft. per minute—which was an 
advance on previous practice. Alt all the drawin, 
were completed before any information was available 
as to the German designs it is interesting to note that 
the principal dimensions of the laboratory engine corre- 
spond closely with the dimensions of the German engines 
—the cylinder diameter of the latter being 20-8 in., 
stroke 20-8 in., and developing approximately 300 brake 
horse-power at 380 r.p.m. 

The first point considered during the preliminary eo 
stage, after fixing the cylinder diameter, &c., was 
type of framing to be adopted. After full consideration 
of the various types it was decided, having in view 
stiffness of structure as well as weight, to adopt the steel 
column principle—the casting being of box form as 
shown in Figs. 5and 6. For a multi-cylinder engine this 
framing should prove both rigid and comparatively 
light. Although it was intended that the framing for 
a@ multi-cylinder engine should be of cast steel it was 
decided, in order to get quick delivery and to keep down 
the cost, to make the framing of the single cylinder of 
cast-iron—the scantlings being slightly increased over 
those necessary with steel. It may be mentioned that, 
with the exception of the moving parts, cylinder cover, 
fuel valve and a few minor fittings, parts which were 
intended to be made of almuinium or cast steel in a 
complete engine were in this instance made of 
cast-iron. 

A water-cooled cast-steel sandwich plate, carrying the 
liner, is secured to the top of the column and the cast-steel 
cylinder head is in turn fitted to the sandwich plate— 
the studs for securing the head passing through the 
sandwich plate to the column. The liner now in use is 
made of close-grained cast-iron, but liners of special steel 
will be fitted for experiment later. At the lower end 
of the liner the water joint with the thin sheet steel 
water jacket is made by rubber rings in the usual way. 
The upper part of the water jacket is housed in the 
sandwich plate in such a manner that the pitch of the 
cover studs is reduced to a minimum. The bedplate is 
of cast-iron arranged for convenience to embody the 
lubricating oil pump. The lubricating oil pump, driven 
by an eccentric on an extension of the crankshaft and 
housed within the crank chamber, is of the Brotherhood 
valveless type. 

The crankshaft is of ordinary 30-ton to 35-ton steel, 
and is fitted with cast-steel balance weights, lead filled. 
The connecting rod is of I-section, of 30 tors to 35 tons 
steel, with the corners of the palm end cut away, and to 
suit the piston-cooling gear the length between centres 
was made 4-9 cranks. The large-end bearing is of 
cast steel, filled with white metal. The hollow gudgeon 
pin, of Ubas steel, is shrunk into the connecting rod, 
The aluminium alloy piston closely followed the design 
adopted for the ‘‘ Unit’’ engine previously described. 
In view of the results obtained with the “ unit ”’ piston it 
was thought that the 20-in. piston would probably run 
satisfactorily without any special means of cooling. As 
there was, however, a doubt about this it was decided 
to arrange for oil cooling, and the system adopted 
followed the lines of that fitted by Messrs. Sulzer. A 
separate motor-driven pump and cooler are vided for 
the piston-cooling oil. The recess in the head of the 
piston is hemispherical. There were two reasons for 
this, viz., that the hemispherical recess resulted in a 
combustion chamber of good form which would probably 
facilitate combustion, and also that by adopting this 
shape in the design of an experimental engine it enabled 
pistons having heads of other shapes to be fitted for 
experiment at a later date, if idered , With- 











‘ed y 
out any structural alterations. The adoption of this 
shape of piston head adds several inches to the overall 
height of the engine, but it is considered that it is justified 
—especially in the case of an experimental engine. 

The cast-steel cylinder cover, or head, was made as 
simple and as light as possible, consistent with stiffness, 
and care was taken to avoid, where possible, all straight 
ribbing. Air and exhaust passages are not embodied 
in the cover. The fuel valve housing, which is amply 
cooled, connects the top and bottom flanges of the cover 
and completely surrounds the fuel valve casing. The 
housings for the air and exhaust valve boxes, which form 
curved ribs between the top and bottom flanges of the 
cover, do not completely surround the valve boxes so 
that the lattor are directly in contact with the cooling 
water. Four large cleaning doors are provided in the 
sides of the cover. By this design a comparatively 
simple casting is obtained and, although a considerably 
reduced depth of cover results from the air and exhaust 
valve passages not being embodied in the casting, so far as 


can be seen the cover is stiff enough for all practical 
purposes—in fact, it may be definitely stated t even 
when working at high speeds and high mean pressures it 


is at least as stiff as the cast-steel covers fitted to the 
standard submarine engines and which have given 
practically no trouble on service. The water service is 
taken from the town’s main. Cooling water enters the 
jacket at two points and passes into the cover and 
Sucenensh waive bees The sandwich plate is separately 





It was considered from the point of view of quiet 


was desired to arrange for an enclosed cam-case, and at 
the same time to be in & position to remove the 
cover without di ing the valve-actuating gear, push 
rods and short levers Were used as shown in Figs. 5 and 6. 
It may be mentioned that this gear is very i 
on. The air and exhaust valve boxes, which in 
© experimental engine are of cast-iron, are in two 
parts—the lower parts having respectively the inlet 
and exhaust ports cast in them and the upper parts or 
spring boxes carrying the fulcrum brackets. The air and 
exhaust valve boxes are secured to the cylinder cover by 
three studs—copper rings being used for making the 
joints. Since this gear was designed a slight rearrange- 
ment has been made which results in reducing the head 
room required by about 6 in. The exhaust valve and 
box are water cooled. The air and exhaust valves are of 
nickel steel and the cams of steel, hardened and ground. 
In high-speed engi it is idered .advisable that 
provision should be made for readily edjuoting the timin 
of the fuel valves—as is adopted in the Vicker’s stan! 
ines. In the case of the experimental engine, in order 
that the timing of the fuel valve can be varied . 4 
the fuel cam is mounted on a slideable boss. By 
use of helical splines the position of the fuel cam in relation 
to the camshaft can be altered within the limits of move- 
ment of the slideable boss by means of the small hand 
wheel shown in Fig. 5—connected to the slideable boss 


Fig. 7. 
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by a system of levers and rods. The large wheel is the 
mancuvring wheel. It was the original intention to fit 
&® special fuel valve to the experimental ine, but, 
owing to delay in connection with other experiments, it 
was decided to utilise for the prelimin tests a fuel 
valve which did not differ in any marked degree from 
the ordinary air-injection type. 

The fuel pump is of the eolinary Diesel type, but it is 
designed to deal with pressures up to 6,000 Ib. per square 
inch so that “solid” injection can be employed at a 
later date if desired. The quantity of fuel pumped is 
regulated by means of the fuel pump suction valve in the 
usual manner, through suitable levers connected to the 
manceuvring gear. The operation of starting, &c., is 
very similar to that adopted in many other engines and 
requires no special description. There is a mechanically- 
operated starting control valve and an automatic starting 
valve on the cylinder head—the water-cooled box 
es the automatic valve bei ig also utilised for 
accommodating the relief valve and indicat tion, 
so that only one hole in the cover is necessary for these 
fittings. The engine is not reversible. No difficulties 
are, however, antici in connection with the fitting 
of the reversing mechanism to a multi-cylinder engine— 
in fact, the drawings have already been completed. The 
reversing mechanism is one of the simple problems in 
Diesel design, and there is no doubt that this part of a 
marine engine has given the least trouble, except in one 
or two cases where the gear was unsuitable for sea-going 
conditions. A Ruston standard governor is fitted on the 
vertical shaft and arranged to cut off the fuel supply 
when the engine reaches a speed of about 420 r.p.m. 

The fulcrums for the compound fuel valve actuating 
levers are carried by a separate casting secured to the 
cylinder cover—so that there is no fulcrum bracket 
attached to the fuel valve casing. When the fuel suppiy 
is altered the lift of the fuel valve is also modified slightly. 





The "lift of the fuel valve can also be. adjusted 
i dently by means of a hand-control 
carried on one of the brackets—but is 


intended only for experimental purposes and need not 
be embodied in a multi-cylinder engine. A cast-steel 
flywheel, giving a cyclic irregularity of about 1/35, is 


in | similar design to that al 





for taking a turning bar. inde 
Forced lubrication is employed throughout. The 
cylinder liner and exhaust valve spindle are lubricated 
by a mechanical lubricator. The indicator gear is of 
gn dy described, following 

the practice adopted in the case of other eng) oe yf 
are fitted for taking combustion ang Tuel valve lift 
jagrams. It was originally intended that the air 
pr hould iven by the engine but it was 

a aate 8 soenats in view = futur Log ey drive it 
independently. The power developed by engine is 
absorbed by a Heenan and Froude dynamometer. The 
fuel consumption is measured b: ighing the amount 
of fuel consumed by the eng) a weighing machine 


and a fuel tank having the usu ‘A narrow neck, in which a 
point gauge is Sted, being ugyd for the purpowe Other 
points in tion with th, engine segern nasunee 
reference as they generally follow the ordinary accepted 
practice. It might be mentioned, however, that in & 
completed éngine aluminium would be made use of as 
far as possible, although it would not be proposed at this 
~~ utilise any special steels. 

engine was first started on fuel on October 28 
of last year, and short runs were made, using Texas 
fuel oil, at 250 r.p.m., the maximum compression pressure 
with a compression ratio of 13-15 being 475 Ib, ad 
square inch. Durin | any runs no oil was used for 
cooling the piston. When the piston was examined it 
was found to be in excellent condition, and it showed 
an even bed on the liner and it was therefore replaced, 
The speed and power of the ine were then gradually 
increased to 350 r.p.m. and brake horse-power. 
There were no mechanical difficulties at this speed 
but it was found that the resistance in the fuel valve 
to the of air and fuel was too great and a number 
of veriser washers were a removed. 
This modification enabled 168 brake wer to be 
developed at 300 r.p.m., but the quantity of pulverising 
air used was still insufficient—in fact, the fuel valve 
was working as a very inefficient solid injection valve— 
and the fuel consumption was 0-6 lb. per brake horse- 
power hour. ‘ 

The fuel valve of this engine, as in the case of the air- 
injection valve fitted to the engine previously described, 
was provided with a distributor containing 4 
number of small holes so that the air sprays corres 
to each hole could be directed into the com 1 
chamber in any predetermined direction. This is 
essential —~ wig running at nae See a with 
comparatively high mean pressures, it is interesting 
to note that the fuel valves of the German submarine 
engines are fitted with multiple hole distributors and 
other firms have also recently adopted this as standard 

ice. 

In view of the resistance in the fuel valve of the 
experimental engine it was decided to remove all the 

veriser washers and to replace the distributor by one 

ving # small number of larger holes, as it was 
to limit the pressure of the blast air to 1,000 mp eenouenns 
inch when the engine was developing its full output. 
This alteration resulted in 168 power bein 
developed at 300 r.p.m. with a fuel consumption 
0-35 1b. per brake horse-power hour—a marked improve- 
ment on the result previously obtained. This for 
consumption does not include the power required to 
drive the air compressor. 

At this stage the revolutions of the engine had to be 
limited to 300 r.p.m., and the running generally was 
considerably restricted owing to complaints in regard to 
vibration. On @ few occasions, however, before the 
speed was limited the engine had been run at its rated 
8 with no signs of trouble. It might be mentioned 

t whilst the balance weights attached to the cranks 
reduce the magnitude of the vertical unbalanced forces, 
they introduce a horizontal couple in the athwartship 
plane, and as the centre line of the ine is, on account 
of the lay-out of the laboratory, unavoidably 11 ft. 
from the ground level, the rocking of the engine at 
speeds was fairly marked. As 300 r.p.m. could not 
exceeded, although a few teste were actually run at 
about 320 r.p.m. after this time, it was deci to my 
out tests at about this speed and at lower speeds wi 
the object of improving the fuel consumption. Typical 
results obtained are shown in Table III. ay 

The power required to supply the blast air is not 

ted for in 3, 6and 10. The compressor 
by belt from an 
the horse- powers 

















deductions from the effective horse- on @ 
combined motor and belt efficiency of 85 eent. The 
speed of the electric motor can be varied slightly, but 


beyond this the air delivered in excess of requirements is 
blown off between the first and second stages. Owing 
to the design of the compressor it is not possible, as is 
in the case of the other experimental engines, 
accurately to measure the quantity of blest air actually 
the engine when it is ing. By noting, 
however, the time required to pump up bottles over 
the speeds d oie th ts ~ i 
same , &e., as durin e tests an approxi- 
cbtained of the air used, and therefore 
of the power required to supply this air. It was found 
that in all cases the given in eglumn 8, Table III, 
from the figures 


It was considered desirable, 
figures, 1.¢., those shown 
the fuel consumption per 
» , ineluding the comp hown in 
Table III, but it may be pointed out that in 
thor’s opinion these results eso clignily Nigms tase 
be obtained if the compressor were driven by the 
engine and definite fuel consumptions obtained for the 


» higher 
for estimating 
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ney brake horse-power dev . These remarks apply 
also to the figures given in Table IV. 


As already mentioned, the figures given are typical 
of the results obtained for many tests with distributors 
having ‘various numbers, sizes and angles of holes, and 
for convenience they are shown graphically in Fig. 7. 
The fuel wsed during all these tests was Texas oil, 
having a ific gravity of 0-92 at 60 . F. The 
exhaust during these tests was smokeless, but it was 
found when rurming at higher mean pressures, just above 
adh - per square inch, the exhaust became slightly 
8 , . 

A number of tests, many of from 2 hours’ to 6 hours’ 
duration, were also carried out at about 300 r.p.m., with 
mean indicated pressures of about 150 lb. per square inch, 
and with various distributors—the object being further 
to test the piston. The &xhaust during theso tests was 
shaded. T etree sy iven in Table IV are typical 
of the results obtained. the end of 100 hours’ running 
at various powers, the engine was opened out for i 
tion, and the , top-end and bottom-end bearings 
were found to be in excellent conditi ine runs 

the lower 


The 
smoothly and well at the higher speeds. At 
powers a very slight piston knock is times 
which would indicate that the piston clearance is slightly 
Serna sd than necessary at these speeds. T is no 
ock, however, at the higher powers. 








The quantity of piston g oil circulated through 
the system when running at 314 brake horse-power at 
314 r.p.m. was only 210 gallons per hour—the rise in 
temperature of the cooling oil being 64 deg. F. If we 
assume, therefore, that the calorific value of the oil 
is 18,400 British thermal units (lower heating value), 
the quantity of heat carried away by the cooling 
oil is about 2-3 per cent. of the heat supplied. At lower 
— and also at lower mean pressures at the same speed, 
the percentage of heat passing to the cooling oil is 
slightly higher. It would probably be advisable to pass 
A nope quantity of oil thro the piston and uce 
the rise in temperature, but so far no alteration has been 
made to the engine in this direction. 

Further tests are, of course, proceeding, and later it will 
be ible to continue the tests at the higher speeds. 
So far no mechanical difficulties have been encountered, 
and it is not antici that any trouble will arise 
which will prevent the engine developing at least the 
rated net brake horse-power, é.¢., the brake horse-power 
arrived at after g full allowance for the power 

uired to drive the air compressor. 

running an engine at high mean pressures 4 greater 
power can be developed in a given 2 and the weight 
per brake horse-power is reduced. It is well-known that 
many makers of marine oil engines are of the opinion that 
it is unwise to work with mean indicated pressures much 
in excess of 100 Ib. per square inch—in fact, the present 
tendency seems to be to reduce this figure. This is no 
doubt the result of past experience, and may be desirable 
in the case of merchant ship engines. The requirements of 
& naval engine, however, differ considerably from those 
of a merchant engine, and it is felt that if progress is 
to be made with naval engines the use of higher mean 
pressures should be seriously considered. all the 
experiments which have been carried out at the Admiralt; 
Engineering Laboratory, therefore, the adoption of hig: 
mean pressures has always been kept in mind. It was 
for this reason that the experimental engine just referred 
to was designed with a rated mean indicat of 
about 120 lb. per square inch. 

No difficulty has been experienced at the laboratory 
in running high-speed Diesel engines working on the 
four-stroke or two-stroke opposed piston cycles, at 
130 lb. M.E.P., with a smokeless exhaust when using 
Texas fuel oil, but in each case air injection has been 

y; as smokeless combustion has not so far been 
obtained with the solid injection system at mean pressures 
much in excess of 100 lb. per square inch. 

For the pressures above 130 lb. per square inch it is 
probable that supercharging will be adopted, and the 
problem of working at these high mean pressures with a 
smokeless exhaust is primarily one of successful fuel 
injection—in fact, the fuel injection valve is the heart 
of the high-speed engine. 

At present it is usual to work with a compression 
ratio as low as ible and to obtain economy by 
introducing the fael oil before the top dead centre. 

his results in a rise of pressure at (approximately) the 
dead centre, which in the case of the experi 
ments has so far been limited to 630 lb. per square inch. 
The introduction of supercharging air would result in a 
high com ion pressure with the same com on 
ratio, and consequently, if it were desired to work with 
the same limiting maximum pressure after injection, 
the fuel would have to be injected later. This, — 
from other considerations, would result in a slightly 
higher fuel consumption per horse-power. 

6 greater ch -weight of air in the working 
oylinder when supere should enable more fuel to be 
satisfactorily burned, resulting in a higher mean pressure 
The temperatures throughout th. cycle when workin 
at high mean pressures with supercharging in use wo’ 
not necessarily be higher than when working with lower 
mean ures without supercharging+i.e., temperature 
= meg yaks lr we Aenea eget A Sham adhe tb oe 

jopt ° Ly ape es @ superc ing engine 
would be slightly more complicated, and itional air 
pumps would be necessary, which would slightly reduce 
the mechanical efficiency of the engine; but these 
pumps would have to deal oe comparatively low 
pressures. It may be taken t if 50 per cent. more 
ow was Sees a ps the rn yom neon | approximately 

0 per cent, would be in supplying the super- 
ons a Be git nema iment ripen pains. Tone re 
cent. 

Ktow fuel consumption is not the only desideratum for 
naval engines, and it is considered, therefore, tha 
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+ super- | 300 


soareinqrenpennaaiocan Gute Gentieeieene dee bathe 
rse-power experimental engine deseri i 
be modified for this at a later date. In this 
instance air will be drawn the inlet valve in the 
yrmee phim 61 and the su ing air will be intro- 
duced ports in the liner towards the end of the 
suction stroke of the piston. The air will be supplied 
by a rotary blower, and arrangements made so that the 


in 8. This diagram was taken with an indicator 
ee deg. out prnserniah the cxdinary iaguanten 

+ will be seen from the diagram that 

was edewsbed nie, the, ences SA. peas WOR. S 
position corres ding to A, © rise of pressure is 
clang theline AB. C Dis the compression curve, and 
subsequent, admissions of starting air are shown by the 
curves 1, 2, &c. . The first. ignition of oil is shown by the 
line E F, the second ignition by GH, the third by I J. 
It will be noticed that as the speed of the engine increases 
the maximum com ion ure increases slightly, 
and also, omitting the first ignition, the ignition occurs 
later—the timing gear being kept in the same retarded 
gonvien throughout. Figs. 9, 10 and 11 are i 


@grams representative of thos taken from the engine. 
It is considered to refer to the past history 
of high-s Diesel ines, @s we are princi 


engin pally 
concerned with the future. It is hoped, however, t 
in the future technical opinions in regard to the process 
of development will be more readily accepted than they 











Fig.9. CYL. DlA. 20 1N,STROKE 
2OIN, R.PM 300, M.E.P 42-5 
1.H.P. 339. B.H.P. 300, MECH. 
EFF. 88°5,FUEL, TEXAS; COMP. 


Fig. 10. CYL.DIA.201N, STROKE 
201N, R.P.M.262,M.E.P-996, 201N, R.PM.222,M.EP. 76-6, 
LWP 207, BHP 173. MECH EFF 
83-6 FUEL, TEXAS; COMP. 


have been in the past, for there is no doubt that in many 


Fig.11. CYL. DIA. 201N, STROKE 


LAP. (35, B.H.P. 106, MECH. 
EFF. 78-5, FUEL, TEXAS;COMP. 


















































PRESS. 480. PRESS. 475. PRESS. 475. 
ee) = = 
TABLE Iii. 
1 2 3 4 5 6 | 7 8 9 10 ll 
Fuel Consumption. Lbs. 
HP Hour. mh 
Mechanical Blast H.P. 
Test R.P.M. | B.H.P, | L.H.P. | M.E.P. | Efficiency, Pressure, of 
No. Per Cent. Lb. per Compressor. B.H.P. 
Sq. In, B.HLP. including 
LHP. excluding | Compressor 
Compressor, | (estimated). 
309 268 310 126 86-4 960 27°38 0°31 0-36 0-4 
80 282 212 254 114 83-5 960 27-3 0-28 0-34 0-39 
31 262 178 207 100 83-6 880 232 0-28 0-33 0-38 
49 245 138 174 90 79°4 750 18+2 0:28 0°35 0-4 
50 222 106 135 76 78°5 700 17:3 0:27 0-34 0-41 
TABLE IV. 
1 2 3 4 5 6 7 8 9 | 10 | 11 
Fuel Consumption. Lbs. 
Pe Hor. Re 
Mechanical Blast HP. 
Test | R.P.M. | B.H.P. | LH.P. | M.E.P. | Efficiency, of 
No, Per Cent. Lbs. Compressor. B.H.P. 
Sq. In — jar A oe 
-H.P. excluding m pressor 
Compressor. | (estimated). 
24 814 314 873 150 84-1 1,000 24-7 0-39 0°46 0-5 
25 313 813 358 144 87-4 1,600 26+7 0-37 0-42 0-46 
57 288 288 844 150 84:4 990 23-3 0-33 0-39 0-43 
63 284 284 $22 143 88-2 1,000 28-2 0-32 0-36 0-4 
65 283 283 834 149 84-7 1,000 27-8 0-33 0-39 0-43 



































TABLE V.—CoMPaRISON BETWEEN GERMAN AND 


ADMIRALTY ENGINEERING LABORATORY ENGINES. 




















Connecting Rod, Piston, complete 
including Bottom and with Pipes and 
Top End Brasses. Guards. 
Engine. cr linder. Stroke. R.P.M. 
. Weight Weight 
Total Ceae neh Total Ri gt 9 
Weight. of Piston. Weight. of Piston. 
in. Ib. Ib.‘ Ib. Ib. 
Carmen es i Ji 20-8 380 938 2°76 945 2-78 
Laboratory "= “4 20-0 20-0 390 820 2-61 503 ° 1-6 

















blower can be cut out when the supercharging air is not 


instances progress has been arrested by the lack of success 
which has frequently followed the action taken as the 
result of the influence of the enthusiastic amateur. 





uired. 
" rdthough tb tomstipropened te phvvie dentsigtioniet the 
large German submarine engines, a com; bet 
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an Admiralty Laboratory should 
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portion of the experimental work involved in its develop- 
ment. Thereisno reason for the La! expicheedhi 
in any way to stifle the initiative of firms or individuals 
in the development of the high-speed engine, but it is 
hoped, and ted, that the Laboratory will be the 
means of assisting and co-ordinating the work. Members 
of the Institution will doubtless agree that the naval 
engine should be the best available, and consequently 
it should embody details which are recognised from time 
to time as being the best on the market. This can only 
be brought about by the Admiralty, and in this connection 
at least the Admiralty Engineering Laboratory should 
Wokeeembtin hive’? tly been made bet 
mparisons ve frequently e ween 
Diesel engines of various types in regard to power and 
space occupied, but in many cases such compari 
have either been on assumptions which could not 
be wholly accepted or certain assumptions have been 
taken no doubt with the object of emphasizing the 
advantages of a particular engine. A short time the 
author had occasion to look into this question with the 
object of ascertaining the approximate brake horse-power 
which could be developed by high-duty Diesel engines 
of the four-stroke single-acting, two-stroke single-acting 
and two-stroke double-acting types, designed for the 
same overall length and height. © engines considered 


were based on Laboratory designs. It is not possible in 
this paper to give in detail the whole of the assumptions 
made, but the principal points assumed were: (1) Air 


injection in all cases; (2) the compressor and scavenge 
pumps driven from the main engines ; (3) separate guides 
in the case of the two-stroke engines and trunk pistons 
only in the case of the four-stroke engines. Taking 
the power developed by the eight-cylinder four-stroke 








engine as the unit, the comparative obtained are 
shown in Table VI. ' 
Taste VI. 
Gomnoratane Figure 
Number | for B.H.P. (eight- 
Type of Engine. of cylinder four-stroke 
Cylinders. E taken as 
Unity). 
Four-stroke, single-acting 8 1°00 
Four-stroke, e-acting 6 1°22 
Two-stroke, e-acting 6 4 1°44 
Two-stroke, single-acting .. 8 1°38 
Two-stroke, double-acting .. 6 1°9 











With the assumptions taken it will be seen that it is 
advantageous to keep down the number of cylinders in an 
engine; also, the increase of power resulting from the 
adoption of the two-stroke single-acting engine is not 
very marked. There is a distinct advantage in favour 
of the two-stroke double-acting ae but it would be 
more complicated, and its use could only be justified for 
higher powers than those at present contemplated. 

Although the comparative arrived at are correct 
for the assumptions taken, other points, in addition to 
8 occupied, have to be considered when deciding on 
the type of engine to be used for powers larger than 
those at present in use or under construction. The 
advantages and disadvantages of the various types are 
well known and need not be discussed in this instance. 
For powers of the order of 2,000 brake horse-power per 

ine for high-speed naval work there would be no great 
Gisounee.tn the widths of the three types of engines, 
but as the power increased it is eo that the width 
of the four-stroke engine would be slightly greater than 
the widths of the two-stroke engines—at least so far as 
the. six-cylinder engine is concerned. This would 
necessitate a wider engine room in order to accommodate 
pistons and covers when dismantling. 

It has been assumed in these comparisons that the four- 
stroke engines are not fitted with separate crossheads, 
as in the case of the two-stroke engines. If separate 
crossheads were fitted, it would be necessary to reduce 
the stroke of the engine for a given head-room, so that 
either the piston speed would have to be reduced, or if 
the piston speed were maintained the inertia forces 
would be increased. This, in addition to the size of the 
cylinder, &c., would probably limit the use of four-cycle 
engines for comparatively high powers. . 

ther assumptions in regard to the method of driving 
the scav: pumps, number of cylinders per engine, &c., 
could be in order to arrive at comparative figures 
for brake horse-powers solely from the point of view 


of 5 occupied, but it is considered the cases 
wor out give a Dy idea of what may be generally 
expected. It is from the results given that, 


compared with the four-stroke engine, 
power obtained by the adoption of the two-stroke single- 
acting or two-stroke double-acting engine is not so great 
oh tee stated. 

Although, from the point of view of actual performance 


the increase in 


under sea-going conditions, the four-stroke engine has | of 


proved more reliable than the two-stroke engine for 
submarine propulsion, the ibilities of the latter 
cannot be overlooked. The four-stroke engine was the 
first. in the field and has received more attention, but the 
two-stroke engine is the natural line of development, 
and it may prove of considerable value should greater 
powers oO ee in the future than those at present 
contem . 

A low fuel consumption is, of course, desirable, but 
other factors, ¢.g., weight and space, are also of great 
importance where naval engines are concerned. If, 
therefore, the two-stroke engine is developed so that 
there are no doubts as to its reliability, it is considered 
that it will prove’a serious competitor to the four-stroke 
engine, even for moderate powers, for it can be made a 
meso are 80 far as the vital parts are concerned. 

In ition to the engines already mentioned, other 





have been experimented with at the Laborator 
interesting and valuable results obtained, but it is 

not possible within the limits of this paper to make more 
than a brief reference to them. The following engines 
and plant are be experimented with or are under 
construction, in addition to those already mentioned :— 


Opposed-Piston Engine.—The op -piston t of 
two stroke e is represented by a single-cylinder, 
totally-encl engine, which was obtain from 
Messrs. W. Doxford and Sons, Sunderland. This ine 


engin 
was designed by the firm as an experimental submarine 
unit, originally for their own use. It follows the firm’s 
usual design, which is generally well known and need not 
be described here, and a diameter of 14-55 in. and a 
combined stroke of 28-3 in. The double-acting scavenge 
pump and four-stage air compressor are driven from two 
on an extension of the engine-shaft. This lay-out 
for a single-cylinder engine reduces its mechanical 
efficiency slightly, especially having in view the fact that 
the scavenge pump and compressor were made larger 
than necessary for ordinary running, for the purpose of 
su ing © iments at a later date. 
he engine not run when it was delivered to 
the Laboratory. A large number of tests have now been 
carried out, and after making various modifications, 
seabed to the two fuel valves, very good results have 
obtained. The representative results shown in 
Table VII may be of interest. 





y| Laboratory. After a number of tests had been carried 


pte thant g -enpowrmety Hn Mapa omynns yo 
complication of the engine for marine purposes 

ure of other work to discontinue the experiments 
or the present. Ordinary town’s gas was used for the 
preliminary tests. 

Hot-B Engine—A 40 brake horse-power single- 
cylinder Bolinder a has been obtained, but this will 
not be erected until the Laboratory is transferred to 
West Dra . 
‘ j mt dew Single-Cylinder Raby 
Diesel Engine.— being constructed princi 
use in connection with the testing of fuel oils. Delivery 
will be made shortly. 

Paraffin Engine.—In view of the number of paraffin 
engines now in use in the Navy, a four-cylinder engine 
for about 50 brake horse-power has been obtained and 
tests — a s 

Two- Single-Acting Engine.—A single-cylinder 
single-acting two-stroke engine of about 400 brake horse- 
— is being constructed for the Admiralty by Messrs. 

. 8. White and Co., Cowes. The working drawings 
were undertaken by the firm, the outline design = 
y the 


drawings of various details being provided 
Laboratory. 

Two-Stroke Double- Acting Engine.—Although the head- 
room available in present submarines ludes the use 
of the double-acting engine, it was felt that from the 



































TABLE VII. 
Blast Tem; ture Fuel per H.P.-Hour 
Mechanical Pressure, of Exhaust 
R.P.M. L.H.P. B.H.P. M.E.P. Effi ° Lb. Gases, 
Per Cent. 8q. Tn. .F 1.H.P } B.H.P 
322 500 333 130 66-6 1,325 700 0-82 0-48 
305 436 280 126 64-2 1,225 633 0-30 0-47 
286 365 230 107 63-0 1,100 673 0-20 0-47 
265 308 185 98 60-0 1,000 627 0-29 0-48 
240 249 141 87 56-6 900 463 0-28 0-49 
Texas fuel oil, having a specific gravity of 0-91 at | point of view of general development it was desirable to 
60 deg. F, was used for all tests, and the exhaust was | consider this type. A preliminary design has therefore 
clear throughout. The temperature of the exhaust | been made which may be taken up at a later date. It 
was taken by thermocouple as close up to the exhaust | was understood that previous troubles with double-acting 
ports as possible. The pressure of the scavenge air in | engines were largely due to the difficulty of obtaining 
the belt was from 2} 1b. to 3 lb. per square inch. satisfactory fuel combustion on the side of the 


The engine runs smoothly and well at all speeds. 
There have been no important mechanical troubles 
since & new and stiffer top-end bearing was fitted and 
slight modifications made to the compressor ( pally 
with the object of keeping the lubricating oil from the 
walls of the compressor cylinders). The pistons, which 
have steel heads and aluminium alloy skirts, are cooled 
with oil. Originally the cooling oil was taken from 
the lubricating system, but after a few runs it was 
decided to m this, and separate tanks and @ pump, 
in this instance driven by a belt from the engine s Yi 


The upper piston is fitted with thermocouples, and the 
results so far obtained indicate that the tem 
of the metal at a point }in. from the surface of the piston, 
when the engine is a about 300 brake horse- 
, is about 630 deg. F. The upper piston is swept 
- the exhaust , whereas the lower piston is swept 
by the comparatively cool scavenge air, and the tempera- 
ture of the latter will uently be less than the 
former. It was anticipated that eon tem; tures 
would be registered, in view of the thickness of the piston 
top, but the above figure gives the mean result so far 
obtained at the power stated, Pistons of different 
material are now in hand and will be fitted at a later 
da 


te. ¢ 
Brief reference might be made to the phenomenon of 


-have been fitted. 


detonation. In the opposed-piston tal engine 
detonation was ienced at the higher and 
speeds, and although not harmful, it would, if heavy, 


be rather distressing in a multi-cylinder engine. It was 
ae therefore, that ev: effort should be 
to eliminate the tendency to mate, but so far 

it has not been ible to do this completely without 
at the same time increasing the fuel consumption slightly. 
This question was investigated and curves of rate of 
change of pressure, &c., were obtained from combustion 
diagrams which clearly indicated that detonation was 


accompanied by an extremely rise in pressure. 
Re ee ee an ce 


of detonation, the engine developing appro 
mately the same brake horse-power and the \chant egeed 
throughout, it was found that: (1) An increase in the 
rate of heat — y, ¢.¢., in the rate of combustion of 
the fuel, resul increased detonation ; (2) in the case 
for low detonation diagrams heat was supplied later in the 

on stroke than in the case o detonation 


Compound Internal-Combustion Engine.—The design 
ee eS Le a ae and 
outline sk h submitted by Mr. H. to the 


42 





—_ a reife we es. was 

at Board vention subsequently completed 
at the Laboratory. Is was constructed by Meer. P. 
Brotherhood to working drawings by the 





piston. In the Laboratory desi therefore, special 
Sttention has been given te thie print, es well en to the 
design of the covers and liner. 

Small Plant.—A number of emall pieces of apparatus 
have been designed by the Laboratory and constructed 
for experiments in connection with fuel injection; the 
study of the fuel spray; the ignition temperatures of 
fuel oils from the engineers’ standpoint; the testing of 
white metal for bearings and material for piston rings, &c. 

The fuel injection problem is of the utmost importance 
in connection with the successful devel t of the 
high-speed marine oi engine, and it is hoped that it will 
<a erage pe emnfimemet rt centapy eet my Me Pert 
subject. 

It has frequently been stated that the Continent has 
been ahead of this country in to the development 
and manufacture of marine oil engines, } y on account 
of the use of better materials. Although it is thought 
that in the past there has been a certain amount of truth 
in this statement, largely due to continental 
more thoroughly ating the value of the metal- 
lurgist and metallurgical work, there were, of course, 
other factors entering into the question which need not 
be discussed here. It is true + many difficulties in 
connection with oil es may be overcome by improve- 
ments in, and, if possible, a simplification of, the design, 
but when developing high-duty engines and ap’ 
for naval 
the ma 





Se ot the Lapauteey tor tae 
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uable assistance in connection with the experiments. 
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THE HUMAN FACTOR IN INDUSTRY.* 
By ALEXANDER Ramsay, of Lincoln. 

Tue prosperity of an industrial community is y 
governed by the efficiency and energy of its wealth- 

roducing classes. Of these the brain-worker is not the 
feast important. To him we owe the comforts and 
refinements. of modern society ; he has been eager to 
wrest from nature the secrets she carried in her bosom and 
mould them’ to the use of man and the progress of 
humanity. He has devoted himself with en iasm 
and sacrifice to the patient and laboured elucidation of 
scientific truths which have added much to the know] 
and resources of the world. He made possible the 
marvellous productive capacity of a machine and labour- 
gaving age. His place in industry, his training, scope 
and encouragement would afford an irteresting and 
profitable study. But the most perfect piece of 
mechanism is without value unless guided by labour. 
The most brilliant product of the mind cannot become 
material until labour has performed its function. The 
whole structure of industry is ultimately at the mercy 
of those who work with their hands. Their attitude 
towards the problems of production is of supreme 
importance, and inasmuch as that attitude at the 
moment gives rise to some anxiety, it is to this 
of the subject that attention will be directed. 

The country is still in the aftermath of the war. Over 
a considerable —_ it became accustomed to a prodigal 
expenditure of wealth without particular scrutiny of 
the value received. Employers and workers alike were 
dipping into a purse which seemed bottomless ; expecta- 
tions were high ; rewards were high ; the art of spending 
was tremendously encouraged. It is obvious, of course, 
that during this period the nation was disposing not of 
its revenue but its capital, and that to such a process 
there must be a definite and s yend. Moreover, the 
continued expenditure of capital resources has the effect 
not only of dissipating wealth but of rendering it 
impossible to create more. The employers are v 
rapidly+ appreciating this truth and taking suitable 
action ; sections of the workers appear to act as if the 
national wealth were illimitable and bore no relation 
to that which is produced. 


The activities of the workers are divided in two main | % 


channels which are ~ converging—the industrial and 
political. In the industrial sphere attempts are made to 
secure better conditions from the individual employer 
or group of employers, and in the political to obtain 
general advantage, and to effect ultimately a fundamental 
change in the organisation of industry by the nationalisa- 
tion of the means of uction and ex These 
ambitions are perfectly understandable and legitimate, 
and if the workers believe in them they are entirely 
justified in pursuing them ; but there is an unfortunate 
dis positi gst a section of the leaders of the labour 
movement to regard the employer as one who stands 
between them and their reasonable aspirations, and who 
must accordingly be fought by every weapon at command. 
No apparent regard is paid to the fact that the institutions 
he represents are the foundations of the State, and that 
such merely destructive activities immediately react on 
the pea of the community. There is a tendency 
to seek fulfilment of the new idea, not by the cumula- 
tive effect of sound constructive work, but by the 
destruction of the present system on which, until some- 
thing better is evolved, the livelihood of the whole nation 
depends. In other words, these doctrinaires are con- 
sciously at war with the present organisation of industry, 
and their attitude is expressed in a general encouragement 
of mistrust, impatience, antagonism, and complete 
indifference to productive efficiency. It would not be 
true to say that the bulk of the workers are dominated 
by this idea, but the application of their unreasoned 
siiescshe leads to very much the same thing. 

The past six years have witnessed a tremendous 
development in the status of labour—against which 
there is nothing to be urged. Wi: ave largely 





increased, hours of work have been lessened, and the | d 


organisation of the workers has been enormously strength- 
ened. But with this new sense and — of power, 
certain irresponsibilities have resul which are most 
disastrous. Inacertain industry, for example, subsidised 
by the taxpayers, the wi have increased 300 per cent., 
and individual output, it is alleged, has fallen at least 
50 per cent. Most of the great trade unions of the 
country have declared against working a system of 
yment by result in spite of the most complete safeguard 
or the inefficient, and in spite of the fact that this 
system is beyond all question the most effective to induce 
production and in principle the most equitable to all 
concerned. Over a consi le period there has been a 
national embargo on the working of overtime. Avoid- 
able overtime is an evil which cannot be defended. 
Overtime on a key operation is on occasion an essential, 
which it is sheer folly in these times to refuse. Overtime 
to pour a casting to provide work for a gang of men, 
or to release a cargo steamer to catch a tide, are instances 
which would have been acknowlsdged, had there been 
any di ition to examine the question on its merits ; 
and still demand follows demand for further and 
increased advantages. 

These circumstances are not referred to by way of 
recrimination, but because they indicate an attitude 
of mind. They indicate that the workers do not believe 
arrest | is now in such a position that only 
greatly in production can save it from industrial 

isaster. They do. not realise that their well-being can 
culy be assured, i 


communities similarly situated. They do not appreciate 
the fact that the cost and bulk of our production must 
determine the cost and bulk of those things we desire 
to import for our maintenance or comfort, and that to 
this extent the cost and standard of living would appear 
to be factors | y governed by themselves. They are 


holding out both hands to grasp at privilege and do not | the 


count the cost, 

This, in brief, is the pressing blem with which 
industrial statesmanship is faced. any of the industries 
of the country, if not already there, are rapidly drifting 
into a position which is economically unsound. If the 
tendency to take out of industry more than is put into 
it is further pursued, or if the destructive theory is more 
extensively accepted by the workers that the debilitation 
of the present organisation is, in itself, somethin 
desirable to achieve, there is before the country a peri 
of grave economic crisis and social danger. Industry 
cannot be subsidised indefinitely by the taxpayers, 
or carried on out of capital resources, and unless the 
nation settles down to work and produces what it seeks 
to enjoy, it cannot escape the disaster resulting from the 
defiance of such elementary need. It is desirable that 
some other means than bitter experience be found of 
demonstrating that it is useless to evolve theories of 
distribution if nothing exists to distribute, because in 
the times we face, disillusionment and distress are evils 
that will not live alone. 

Now the probability is that the situation has not got 
beyond a point where it can be regulated, provided the 
mind of industry addresses itself to the problem. A 
remarkable combination of circumstances, due to the 
war, and necessitating continuous employment at what- 
ever cost, have given the workers an unbalanced per- 
spective and created illusions which, in the nature of 
things, cannot be maintained. It is unthinkable that 
a usually well-balanced community -would commit 
economic suicide if it realised what was taking place. 
The average British workmen in his individual capacit 
is pre-eminently a sane and reasonable being, and he will 
rise to meet @ necessity which he understands. The 
need for educative propaganda therefore is -eminent 

It is a first necessity that he should be made to under- 
stand that he is getting a “‘square deal.’’ His spirit 
reason can only be approached through his spirit of 
fair-play. It has been a striking fact that in theseething 
turmoil of the mining industry, excessive demands have 
not been justified popularly, on the ground that the 
miner’s conditions of yi wigan were improper, so 
much as on the Poses that he desired a large sharer 
of the profits which he alleged the employers were making. 
The cotton industry has recently wit da fi ial 
manipulation whereby stockholders have realised a 
capital appreciation of remarkable extent. Is it to be 
supposed that the spinners will be satisfied until they 
have shared in the spoils? The plain fact is, that the 
workers are now strong enough to exact a fair proportion 
of the profits of production, and it would wise to 
make it quite clear that the employer shares in their 
desire. Let the employers attempt to create an atmo- 





sphere of goodwill, and reciprocated good-will can at least | 


be possible. 

If two parties areinseparably associated, and differences 
arise which cannot be ignored, peace will be best assured 
by frank and friendly discussion. In this connection the 

ational Industrial Conference was a splendid conception, 
and it is a great misfortune that its potentialities have 
not been more fully developed. But the individual can 
do a great deal. Those acquainted with the problems of 

anag' t should, wherever possible, establish personal 
contact with the worker and keep him in touch with the 
world factors affecting the —— roduct on which 
he is engaged. But one of the main difficulties of laying 
an effective case before the men lies in the fact that in a 





the maintenance of law and order in the realm ; it is 
the custodian of the interests of those not directly affected 
by a dispute, and, as such, is an interested party whose 
voice when necessary must be heard, But it has been 
proved on many occasions that a Government is too 
susceptible to outside considerations. Expediency is 
only recognisable note of its industrial policy. And 
where it is quite well known that one party to a discussion 
will always give way to expediency, the other may well 
be eapnaied Snearenen Soeiaata. The workers are clearly 
entitled to receive from industry the greatest advantage 
which industry can afford, but this line cannot be over- 
stepped without grave menace to themselves There 
comes a time, therefore, when necessity must govern, 
and this point can best be determined by the directional 
heads of industry on the one side and the trade unions 
on the other. 

Finally, our industrial and social difficulties can be 
eased by the efficiency of the employer. He it is who 
in a very real sense has to keep running the wheels of 
industry, and on him depends to no small extent the 
economicsecurity ofthecountry. But has theinanimate 
side of production been reduced to the science it might 
become, or is industry still instinct with the conservatism 
of old-established practice? Is the art of production 
studied or does it simply evolve? Much time and 
money could be saved if the lessons of experience were 
anpupees or even supplemented by the training of the 
schools. — 

It is advisable that employers should cultivate more 
the practice of the open door. They should develop a 
community of interest, interchange ideas, treat each 
other not as competitors but coadjutors. No individual 
is strong enough to withstand the tendencies of the times, 
and these certainly call for unity of purpose, knowledge 
and action. The —— of the future lies in the possibility 
that capital and labour may develop a better under- 
standing and encourage a mutual inclination to further 
each other’s reasonable aspirations. Such an end would 
have magnificent results, but it will not be attained until 
the nation consciously strives to bring it about. 





ELECTROCULTURE.— Whilst the experiments conducted 
by Sutton and Sons, of Reading, on the electrification of 
seeds by the Wolfryn process cannot be considered as 
encouraging, thegpxperiments made by Heim in the 
Conservatoire des Arts et Métiers at Boulogne-sur-Seine 
on electroculture by brush discharge certainly look 
promising. Heim used, from July to October, 1919, 
currents of about 20,000 volts coming from a Gaiffe trans- 
former. He buried the negative pole, an iron plate 
1 m. square, 1-50m. in to the soil, and suspended thin 
iron wires, 0-5 mm. in diameter, 2 m. above the soil, 
about 0-8 m. apart, from bell insulators of varnished glass. 
When the electrodes are so unequal in size, the current 
flows only in one direction, without needing any rectifiers. 
The electric radiation was applied every day twice, about 
6 a.m. and 6 p.m., for periods of 14 bourse or 2 hours. 
On hot clear days the morning electrification was sup- 

in favour of the evening treatment. All the 

ts were already fairly advanced when the treatment 
Tobacco plants grew to a height of 1-2 m. 
(instead of 0-5 m. on control plots) and blossomed in 
Se ber, whilst the other plants did not blossom at all ; 
bages improved, potatoes and sugar beetroot, &c., 
inereased by 25 per cent. in yield and by 4 per cent. in 
starch and by 20 per cent. in sugar, and there were other 
good results. In the Wolfryn process the seeds are 
immersed in an aqueous solution of common salt or 
calcium chloride, through which the current is passed ; 
the seeds are then dried at 100 deg. F., and are ready 
for sowing. The experiments described in Bulletin 
No. 11 of Messrs. Sutton were to establish whether the 
immersion or the electrification, or both the agents 





large workshop it is a for the direct 
heads to get into personal contact with a very few 
individuals, These delegates may be perfectly honest, 
but it is unreasonable to expect them when reporting 
di ion to t the employer’s outlook and represent 
it in convineing fashion. The shop steward cannot be 
regarded as the best means of pro; ting information 
which the employer believes the individual worker ought 
to know. It is suggested, therefore, that the institution 
of the factory journal or house organ should be much 
more extensively developed, either for the individual 
factory or a group of factories, and that in its columns 
should take place from time to time a full consideration 
of the various domestic problems which constantly arise. 
A wise works’ director, who could have a weekly talk with 
the bulk of his employees through such channels, would 
achieve a work, the importance of which could not be 
measured. 

Some attempt, too, must be made to demonstrate to 
the public at large the governing fact on i 

uestions. It has not been realised, for instance, that 

© tremendous increase in the price of labour and raw 
material, is ing it impossible for the country to 
finance the volume of output of which it is capable, with 
@ consequent reduction in the purchasing power of the 
nation. It is not understood that every increase now 
made is simply making the evil more pronounced, and 
defeating the very purpose for which it was igned. 
Subsidised h +t rt, coal and other commodities 
have been accepted with the utmost complacency, and 
a feeling has been created that such political strategies 
can be substituted for work. There has been no real 
insistence on the fact that the primary duty at the 
moment is to produce in the utmost prc cere a the 
cheapest rate, and that instead of the ied indifference 
experienced, the whole of the community should be 
mobilised to this end. 
; The time has come, too, when the mischievous inter- 
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be eliminated, because the Government is responsible for 





d were advan ; mangolds did improve ; 
in all the other cases the advantages were either negligible 
or more than doubtful. 





Tue Concrete IwnstrroTse.—By the consent of 
Mr. C. R. 8. Kirkpatrick, chief engineer of the Port of 
London Authority, a small party representing the 
Concrete Institute visited the new river jetty at Tilbury 
on Tuesday, June 22. The werk consists of a main jetty 
1,000 ft. long, by 50 ft. wide, parallel to the shore, and 
a curved viaduct 900 ft. long, carrying the railways from 
the main jetty to the shore, where theb are connected up 
through the dock lines with the gen railway system of 
the country. The main jetty is a double-decked struc- 
ture, the space between the two decks forming a transit 
shed. The lower deck is about 6 ft. above high water- 
level. Access to the transit shed is provided by hatch- 
ways through the deck. The whole of this structure 
is carried on cylinders sunk generally 2 ft. into the 
ballast which occurs about 40 ft. below ordnance datum. 
Clusters of piles are driven in the cylinders, which are 
then filled up with concrete. Electric cranes of 60-ft. 
radius to lift 2 tons,.are provided on the river side of 
the jetty for handling the cargoes of ships; cranes of 
40-ft. radius are provided on the landward side of the 
jetty to deal with the loading of barges, for which 
accommodation is provided at the back of the jetty. 
There are two lines of rails with cross-over roads on the 
upper deck. The main feature of the approach viaduct 
is a reinforced concrete bowstring bridge; this is 
roger A te provide access for barges to the back of the 
jetty. the bridge (whose span is 100 ft.) is on the 
skew, the bowstrings are s' . Each ‘bowstrin 

hs about 150 tons. There are over 18 tons 

reing steel in each bowstring. The deadweight of 
Are ewer each girder is about a further 150 tons. 
Part the ot is built. on cyli ers in the same 
manner as the main jetty, but’ as the shore is approached, 
the construction is changed to piles. The 
concrete dock erected a short time since at the 
docks proved to be a work of much interest. * 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
wee ai: where none is mentioned the Specification is not 


Where inventions are communicated from abroad, the Names, £c., 
Cntr ct en ee Sade ° inate 
| ene ee obtained atent Office, 
‘i . Southampton Buildings, Chancery-lane, W.C., a 

the uniform Pn of 1s. 

The date of advertisement of the of a Complete 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the word “ Sealed” is appende:l. 
4"Padeorssomtons of the soseptance of « Complae Sposihestion, 


Speci fication, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


142,680. beeen Electric Com) y, Limited, London, 
and S. R. Wright, Bedford. -Winding Machines. 
(2 Figs.) May 29, 1919.—The invention relates to coil-winding 
mac! , and in particular to the mechanism for imparting a 
reciprocating motjon to the wire or cotton guide member or 
members. According to the invention, a pair of toothed racks 
ual Fe ge are provided, one of which is fixed whilst the other 
dably mounted in parallel-spaced relation thereto at a 
distance equal to the diameter of the pitch circle of a corre- 
spondingly toothed pinion. This pinion is revolubly mounted 
u the extremity of one of the reciprocating rods by means of 
which it is caused to traverse the teeth of the fixed rack, simul- 
taneous engagement being also maintained with the teeth of the 
slidable rack. This latter rack is connected to a e member. 
The fixed rack a is secured to the rod slide b, w! the slidable 
rack ¢ is disposed in spaced relation to the same, and is connected 
to the traversing guide sovumher & ty eens sts ic one 
forward extremity of the rack engaging a slot f the — 
member. A loose pinion g meshes simultaneously with 





racks, which pinion is carried by a bracket A mounted upon the 
forward extremity of the reciprocating rod i. The bracket A 
pedi ey DD Kage Fe k, the lower roller & of which 
serves to support the slidable rack ¢ b the underside 
of the same. Additional support for this ¢ is provided b 
a roller / which is mounted upon the rear extremity of such rac 
and engages the underside of the owen rod slide or a 
thus keeping the rack in alignment with the pinion g. e 
remaining roller j rides upon the upper surface of the fixed rack a, 
and thus serves to support the ¢ and prevent sagging when 
such rod is fully extended. The two rollers j and & are in adjust- 
able relation one to the other, and also in relation to the pinion g. 
By this arrangement wear on the racks and pinion can be taken 
up thereby e ting “‘ back-lash.” In operation the recipro- 
cation of the rod i is imparted to the ion g, and since the 
teeth of this pinion mesh with those of two racks, the recti- 
linear motion of the pinion causes it to revolve and impart a 
rectilinear motion to the sliding rack. This latter motion is 
compounded of the rectilinear motion of the pinion, and that due 
to its revolution. (Accepted May 19, 1920.) 


142,681. Igranic Electric Company, Limited, London, 
and S. R. Wright, Bedford. Insulation of High-Tension 
Coils. (3 Figs.) May 29, 1919.—The invention relates to high- 
tension coils in which a high insulation is disposed between 
consecutive layers of conducting material at the end of each layer 
where occurs the maximum difference of potential. The inven- 
tion consists in the winding of high-tension coils of this character, 
of an insulation strip, adapted to be disposed between consecutive 
layers of conducting material, which is of tapering width and of 
such a shape that when applied to the coil the thickness of the 
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(ie 3682) 


glands are so formed and constru the are 
of some movement in relation to each other, mainly for the 


ears of wire. The respective sides d of alternate 
M dean aoa’ ot er ca Cael 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
142,627. W. Hall, London, and R. Wellesley, Goodma 
Cylinders. (1 Fig.) November 3, 1919.—The [Amer sa por me 
to the construction of water cooled internal-combustion engine 
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carburettor. The mixture from the carburettor equall 
through the cored in the crank-case and 


toa lect for combustion, and 
pl F ng (Accepted May 19, 1920.) 
MACHINE AND OTHER TOOLS, SHAFTING, &c. 


3 Fae) Ma} 18 191 The invention 
P 4 ~ — ven! 
and 


which have to pass ground 
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warmed 
one which will eliminate 


. Belt 
relates to 


belt fasteners 
such as are used for effecting the drive in a motor 
. | bicycle, or for use in connection with dri of a like kind 


different diameters. The fastening device for the belt a com- 





members 6 and ¢, each of which is secured to an end 
members } and 











venting movements of the ends of the belt below the pitch line. 


The end of the belt secured to 


member c is bent into 


the fastener 
om Pg oe it reaches the pulley ¢, thereby ensuring a better 
con therewith. The fastener is secured to the ends of the 
belt a by bolts f. (Accepted May 19, 1920.) 
MINING, METALLURGY AND METAL WORKING, 
142,172. Mavor and Coulson, Limited, Glasgow, and 


M. 8. Moore . Coal- Machines. (4 Figs.) 
Jan 25, 1610. fe Invention refers to ¢ f eoel machines. 
a 


-cu 
the in S cheanel om 
0 mene gs Sees 6 suitable for both types 
|, t.6; cu or cutter-bar machines, and for 
alterna‘ association a cutter-bar head 


and a cutter chain head mechanism with 


be are provided. A d a 
end of » body structare, in which the motor contained, having 


which are embodied in 



































ity from the chamber to the bath. The end of the 
Shoot ‘D dips into the in the quenching bath, the top of 
the bath, except the part covered by the shoot, being open to the 
air. A pipe for the supply of the coal gas is fitted to the shoot D, 
and the gas enters the shoot and passes from there up into the 
chamber ee SS ee ee 
until vag bgt eye Ly A remov: 

cage is attached to shoot D to ive articles as they 
are discharged from the heating chamber A. The roof of the 
heating chamber forms the floor of the combustion chamber B 
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MOTOR ROAD VEHICLES. 


to be controlled by the plunger }, said being normally 

SSistd ty thn ielane, Dat ee ANGE tie he te Ene RY. 

142,331. G.M.L. Griffith, Guildford, and Andre Griffith | the p towards the 
uildford Axles. 


end of the suction stroke. During the 
d discharges 


° , - 

1 Fig.) May 31, 1919.—The invention relates to pesting exies vided 

p Ba nd A mrearing axie mate in escosdante with invention | 94 port f which is connected by & pipe to the bottom 

comprises two curved members secured together in the same ag eye emp a eg en position where 

plane. The members meet at their centres and separate towards |® lower pressure exists and serves aay Cnalientinn iat 
Tr 


ends, and may be provided with cross members on either | Pressure, said port / being also unco towards 


side of their centres for the purpose of completing the double 


pump. 
triangular construction of the centre portion. of the frame and | failing to ere Ty oe failing to luce & 


; of the 
ty is less 
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idle portions only, ¢ and d, which are about one-third of their 
total length, and having the ends ¢, f and g, h bent so as to be 
parallel with one another, with a portion bet 
curved parts and bent ends, which are drilled 
axle swivel . The double forma’ 
portion of axle is completed by members & and m. (Accepted 
May 12, 1920.) 


142,332. Humber, Limited, Coventry, and J. A. Cole, 
Coventry. Motor Vehicles. (2 Ra May 31, 1919.— 


STEAM ENGINES, PRODUCERS, HOLDERS, &c. 
142,262. E. termes. ee Hyde. 2 Figs.) Steam 
‘invention to bo 


Boilers. April 4, 19)9.— jilers, and 


icularly boilers of the Lancashire, Yorkshire or Cornish 
The invention provides an air and tight circum- 


ype. 

ferential joint which will remain efficient at times. It com- 
prises at each side the latter a plurality of ental plates with 
curved tially en 


edges arranged ren to end with the 


flues and against the boiler, said plates being capable of adjust- 
ment separately towards or from the shell b 

carrying spri 
holes in a suppo 

may be built in the brickwork. A cast-iron frame a is built 


y, means of bolts 
t slots in the plates and thro 
bracket fixed to the brickwork. The bo! 
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‘The invention relates to crank-case and oil fillers for the | {nto and supported by the usual brickwork ¢. Supported by 


pe dy The timing case cover A is 
with a vertical funnel B provided with a cap ©. In one side 
unicating with a D 


cast | and attached to the frame are three or more me’ ental 


lates b. The sald plates have slots d cut or formed them 
securing bolts ¢. By 


passage which the supporting and 
cored out of the cover casting and leading down to the lower edge | reason of the slots d, adjustment of the plates b to or from the 


velled end, the mouth of which pro; backwards as 
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olly vapour passing w 


axis of the boiler to effect close contact with the shell of the latter 
ted a pipe E having a ts weehbed 


. To provide for the movement of the boiler during 
ion and contraction a spring washer is ommeores in 
nation with each holding or securing é. Sufficient 


e 
the combi: 
and out of the pipe without dirtying any parts of the adees tt play is permitted to admit of circumferential and radial movement 





@ gauze filter, as F, is fitted in the funnel, the side next to the 
aperture may be blanked off as at F2 to prevent oil which is 
poured into the funnel from entering the passage. In some 
cases, the funnel B may be manently closed at the top, the 
oil filler being separate from the vent and fitted at some other part 
of the engine, or to the oil tank, but in all cases the vent is formed 
with a branch lead vapour away to a point where 
itcandono harm. Thus the oll does not settle upon parts of the 
engines, and the fumes from the crank-case are discharged beneath 
the vehicle and cannot find their way into the body, which is 
impartant when this is of the closed type. (Accepted May 12, 
1920.) ‘ 
PUMPS, 

140,982. S. Hunter, Tynemouth. Pumps. (i Fiz.) 
October 21, 1919.—-The invention relates to pumps for liquids of 
the reciproca’ Ant having one valve only, 


ting single-acting pump 
namely, a di: suction lace thro a 
in the pump bar: ‘vhieh ta Neer 














port. 
the pump barrel and } the plunger. The barrel has at its lower 
end a spring-loaded d w eye eh Te 





G. E. Tansley, Wakefield. Boiler 
{¢ Figs.) January 29, 1919.—The invention relates to headers 
‘or bol momisers and. other 


lers, fuel eco 
fluids at high pressures and 
by welding, and w a larger 
one ae more open-ended tubes can be joined in between the tubes 


be joined together end on by drilling and 
closed ends and inserting an expanding nipple in holes. The 


pressed 
ich is controlled by the plunger, latter inte 


when necessary, at the same time the plates are securely held 
the boller 


shell to provide an air and gastight joint. 


(Accepted May 12, 1920.) 


142,186. E. Green and Son, Limited, Wakefield, and 
and Economiser Headers. 


vessels for containing 
consists in forming the headers by 

or stamping out two tubes with one end of each 

a billet, and joining the ends of such tubes together 


one end closed, also two or more of these headers can 


Fig. 1. 
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(188196) A 
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header is constructed by pressing or bey te | out two tubes, 
A, B, (with one end of each closed), from a bille' wy dies, and the 
open end of one tube B is formed with a dovetail C, and the open 
end of the other tube A is formed with dovetail recess D to 
correspond with the dovetail C in the other tube B, The two 
tubes A, B, are then assembled together, mouth to mouth, with 
the dovetail or dovetails interlocking and the join welded. The 
tube and lid holes can be drilled out before 


ovetailed and welded together, the 
rmediate ones having open ends or, if desired, the solid ends 
may be bored and joined together with expanded nipples E. 
(Accepted May 12, 1920.; 


142,047," W. Walker, Bolton. Speed-Controliing Gear. 
(3 Figs.) November 20, 1919.—The invention a to speed. 





of the lever 20, which, at the other end, is connected by a link 21 
to the throttle valve 22 of the engine. The piston 23 moves in a 
perl Bn BN lag a Be Be a. 
actuating fluid thereto. The slide valve 26 is by a 
link 27 to the floating lever 16. The slide-valve porta are indi 

at 28 and 29, and the B pet gh A 30 is cast 
on the flange of the such it is in the path 
of movement of an ble collar 31 on the rod 13. A hand 
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and thus admit more operating fluid to the engine until the 
desired s' is obtained for which the gear is set. At the same 
time, with the pin 15 as fulcrum, the lever 16 is carried down by 
the piston 23, thus closing the valve 26. Should the load be 
thrown off, the governor weights will fly out and the lever 6, 
through the lever 4 and shaft 5, will be lowered and, through 
the rods 10 and 13, will cause the floating lever 16 to move 
about the 17, thus altering the position of the valve 26 until 
the 4 and 29 are in communication. The spring 35 will 
sive 22, the Passing mat of the eylinder through the porte 
valve 22, oO! out o cy er 

24 and 29. (Accepted May 12, 1920.) 


MISCELLANEOUS. 


142,323. W. and T. Avery, Limited, Birmingham, and 
H. N. Cox, aeegham, Hardness-Testing Machine. 
(2 Figs.) May 27, 1919.—The invention relates hardness- 
a ee, of that type which employ a ball which is forced 
into surface of the material to be tested, and a measurement 
of the indentation taken, which measurement is converted 
into a hardness record. The invention comprises a hardness 
testing machine of the character referred to, wherein the load 
applied to the test-piece is transmitted through a series of levers 
to two counterweighted levers. On a base 3 is mounted an 
integral housing 4 and standard 5 to contain and support the 
levers and other operative parts of the machine. counted 
within the housing is a platform 6 to receive the test-piece, this 
platform is supported by means of legs upon the knife-edge 8a 
of a lever 8, of a double bar formation, located within the 
this lever 8 is connected by a link to a second lever 10 of double 
bar formation which, in turn, is ted by a knife- 
edge 10a to two connécting rods 11, which pass upward through 
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same to the said levers, and is counter- 
necd equally by the proportional weights 14 from 
the kn 124 of the.Jevers 12. The ball 15 by which the 











part of 5, and has mounted a wormw! 20, 
bg. peies Sih 0 yom 21, yn gh 22 disposed 
le worm 
22 beng with a wheel 23 for impar rita te the 
said 5 whereby the ball 15 is forced into the test-piece 
until duplex counterbalanced levers 12 are raised. The 
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